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FOREWORD 


Dettas are unique places on earth's surface with great human interest for their fertile soil, water, 
hydrocarbon potential, natural settings, beaches, lakes and biodiversity. There are many deltas 
inthe world associated with major rivers. Orissa state, in the east coast of India, has a classical 
delta produced by river Mahanadi at its confluence with the Bay of Bengal. On several earlier 
occasions | had the pleasure of travelling in Mahanadi delta. 


Prof. Mahalik, in his edited book on "Mahanadi Delta", has nicely brought out the history of delta 
formation, the basin tectonics, the geological forces on land and sea building the delta and the 
sea level fluctuations in the east coast of Orissa. The evolution of East Coast of Inida is interest- 
ing as {tt involves the rifting of East Gondwana continents. It is shown that the Indian plate was 
separated from Australia and Antarctica by the end of Mesozoic resulting in the formation of the 
East coast and the marine sedmentary basins simultaneously with the development of Hima- 
layan orogenic bett. This attracts me very much as ! have a Keen interest inthe Gondwana land 
events. In Mahanadi delta one finds a link btween Mahanadi Rift and the Lambert Rift of Eastern 
Antarctica. The much referred to Cutiack depression in the book, was earlier in continuity with 
the Lambert Rift but has now been separated due to rifting. 


The book has extensively dealt with the various natural resources of the delta, the environmental 
problems, natural hazards and biodiversity in tidal swamps and lagoons. 


Mahanadi Detta is a fascinating place with tourist resources, beautiful beaches, lakes, mangrove 
forests, temples and Buddhist monuments. | actually enjoyed these features when Prof. Mahalik 
escorted me to some of the places during my visit to Orissa in 1992. Dr. Wataru Maejima of our 
Department had also the pleasure of working in Mahanadi delta with Prof. Mahalik. 


The book is a unique presentation on deltaic studies and would benefit those who have a connec- 
tion with Mahanadi Delta or would like to have one in future. This would also interest workers on 
deltaic studies. | congratulate Prof. Mahalik for bringing out such a nice piece of work. 


Prof. Masaru Yoshida 
Dept. of Geosciences 
Osaka City University, Japan 
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PREFACE 


Mahanadi Delta is a classical arcuate delta in Orissa formed around the confluence of river 
Mahanadi with the Bay of Bengal along the eastern coast of India. Geological process environ- 
ments at the confluence have played with the sediments and water brought from Mahanadi 
catchment and have produced a thick pile of sediments and a variety of landforms which control 
natural resources, natural habitats of biodiversity and land use. Geological time has constantly 
brought out many evolutionary changes complicating the sedimentary profile and intermixing the 
geomorphic scenario in space and time. The Mahanadi Delta which was formed in the Upper 
Quaternary period buries beneath it all the sedimentary history of the East coast basin formed 
earlier. 


The Delta has attracted attention of a variety of resource scientists and engineers for manage- 
ment of its resources and environmental problems. These include geologists, geophysicists, 
hydrogeologists, engineers, agricultural and environmental scientists. They are involved in sur- 
face and groundwater management, hydrocarbon exploration, soil and agricultural management, 
coastal zone development, preservation of natura! habitats of biodiversity and management of 
natural disasters like floods and cyclones. 


This book attempts to bring out a correlation of the geological processes and products with the 
physical resources, environmental settings and land use in Mahanadi Delta. The editor has used 
his long standing experience in Mahanadi Delta with expertise of other workers in the field to 
bring out a co-ordinated presentation on Mahanadi Delta. The various chapters deal with model of 
delta development, formation of East coast basin, structures in the sedimentary basins. devel- 
opment of Mahanadi river and its delta, geomorphology, land use, stratigraphy, evolutionary 
history, sea level fluctuations, deltaic resources and their management, biodiversity in different 
natural habitats and the natural hazards. 


It is hoped that this book would serve as a good guide to those working in Mahanadi Delta for 
resource extraction, environmental management and infrastructure development. 


Bhubaneswar N.K. Mahalik 
5th Sept. 2000. Editor 
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CHAPTER - I 
INTRODUCING MAHANADI DELTA 


N. K. Mahalik 
Professor, Geology (Retd.), Utkal University, Bhubaneswar 


INTRODUCTION 


Deltas are common geomorphological features on the earth's surface and are observed around 
the mouth regions of major rivers debouching into sea. Because of their soil water condition they 
are centres of socio-economic activities. Some of the classical and major deltas of the world are 
given in Table-l, below : 


TABLE 1 : MAJOR DELTAS OF THE WORLD 


Delta River Sea/Ocean Country 


Mississippi Mississippi Gulf of Mexico USA 
Amazon Amazon Atlantic S. America 
Orinoco Orinoco -do- -do- 
Niger Niger -do- Africa 
Nile Nile Mediterranean -do- 
Lena Lena Arctic Russia 
Indus Indus Arabian Pakistan 
Ganges Ganges Bay of Bengal India 
Godavari Godavari -do- -do- 
Krishna Krishna -do- -do- 
Cauvery Cauvery -do- -do- 
Irrawady Irrawady -do- Burma 
Mekong Mekong South China Vietnam 
Danube Danube Black Sea Europe 
Ebro Ebro Mediterranean -do- 

Po Fo -do- -do- 

Ord Ord Timor Australia 


_DELTAIC MODEL 
A common model of delta development is observable in almost all cases as discussed below: 


1. A major drainage basin of a river is very essential for delta formation. It provides the much 
needed sediment and water which are carried by a river into a basin. Factors such as 
climate, topography, geology, land use and land cover of the drainage basin control sediment 
and water supply. 
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2 The river and its tributaries collect the water and sediments from the catchment and transport 
it into the basin. 

3. A depositional basin around the mouth region is necessary to deposit the sediments either 
subaerially or under marine environment. Many geological agents e.g. flowing river water, 
waves, tides, littoral currents and wind operate in the basin and influence deposition. 


4. Tectonic movements and sea level fluctuations over a span of geological time bring 
evolutionary changes. 

5. The product is a delta varying in shape, size and the geomorphological features. The varied 
morphological features control land use, land cover, bio-environment and human activities. 


6. Climatic inputs over the land and sea in the deltaic region affect deltaic terrain and at times 
cause natural disasters due to high floods and cyclones. 


The typical morphologic features in a delta are varied and complex due to variability of process 
environments (Wright et al, 1974). The important features in a delta are distributary channels, 
natural levees, channel bars and islands, flood plains, back swamps, beaches, beach ridges, 
tidal creeks, tidal flats, tidal swamps, lakes, embayments, offshore bars, spits and islands. They 
may represent more than one generation warranting use of terms like paleo-channels, paleo 
beaches, pateo-lakes etc. coexisting with their present day counterparts. 


GEOMETRY OF DELTAS 


The geometry of deltas round the world are variable and no two deltas are exactly similar. Delta 
forms are a response of process environments. There are river dominated deltas which are 
elongate, e.g., bird's foot delta of Mississippi, wave dominated deltas which are straight (e.g., 
Senegal delta), tide dominated deltas which are embayed (e.g., Ganges—Brahmaputra, Ord detta) 
and of multiple energy dominations (Wave, tide, river flow, littoral drift etc.) which are arcuate in 
shape, e.g., Mahanadi, Niger, Orinoco and Nile etc. Coleman and Wright (1973, 1975) concluded 
six extreme delta models based on related dominance of fluvial, wave and tidal processes. 


INDIAN DELTAS 


In India there are many classical deltas ali located along the eastern coast. All major rivers e.g., 
Ganges—-Brahmaputra, Mahanadi, Godavari, Krishna and Cauvery drain into the Bay of Bengal. 
These are huge rivers draining large catchments and hence have deltas of their own. The deltas 
of South India including Mahanadi are more or less similar in their mode of formation with arcuate 
shapes and differ from Ganges delta which is highly tide dominated (digitate shape with finger 
like protrusions of tidal flats into the sea, Morgan, 1970). Nile, Niger and Orinoco are more or less 
similar to Mahanadi, Godavari and Krishna deltas (arcuate shape). 


Deltas have been the sites of intense geological investigation and research. Literature abound on 
deltaic studies. Some of the important works are : Allen (1965), Van Andel (1967), Coleman and 
Wright (1973, 1975), Fisk etal (1954), Wright & Coleman (1973), Wright, Coleman and Erickson 
(1974). Indian geologists and geomorphologists hase also studied indian deltas. Some of the 
works are Meijerink (1971, 1973), Babu (1973, 1975, 1972, 1979), Nageswar Rao and Vaidyanadhan 
(1978), Sambasiva Rao et al (1978), Sambasiva Rao and Vaidyanadhan (1979), Mahalik (1984) , 
Mahalik etal (1996) and Geological Society of India (1991). 


Digitized by srujanika@gmail.com 


MAHANADI DELTA 


Mahanadi delta is located in Orissa State around the confluence of river Mahanadi with the Bay 
of Bengal along the eastern coast of India (Fig.-1). Fig.2 shows a satellite picture of the Mahanadi- 
Brahmani-Baitarani compound delta in which Mahanadi delta occurs to the south. It is abruptly 
truncated by Brahmani river along its northern margin. Fig. 3 shows Mahanadi delta with the main 
distributary systems, e.g., Birupa river on the north east, Mahanadi at the centre, Kathjodi-Debi 
along southeast and Kuakhai (Kushbhadra, Bhargabi and Daya) draining to the southwest. Several 
paleo-distributary channels are also shown. Important among them are Sukabhadra, Burdha, 
Alaka, Prachi and Ratnachira. Mahanadi delta is a classical arcuate type delta with an aerial 
spread of 9000 sq. km with dense human settlement, 38% of the population of Orissa live in this 
deltaic tract. It lies between east long 85° 25' and 87'.0° and north latitudes 19°30' and 20° 40". It 
is about 100 km. wide in the widest section, in east west direction and 200 km in northeast-south 
west direction. The apex of the delta lies at Naraj about 100 km. from the sea where Mahanadi 
divides into distributaries, first into two major branches, Mahanadi to the north and Kathjodito 
south. Each one is further divided into several distributaries as shown in Fig.3. The distributaries 
have given rise to eight doabs (deltaic land between two distributary channels). Chilika is a 
principal lagoon at the south western corner and is a Ramsar site. Bhitarkanika is another important 
Ramsar site lying at the northeast corner of the delta, famous for its mangrove forest, crocodiles 
and the migrant Olive ridley turtles. The delta is fringed by vast stretches of sandy beach with 
their scenic beauty. The famous sun temple at Konark and Jagannath temple at Puri were built on 
these sandy beaches. Along the western fringe of the delta occur several isolated hillocks of 
khondalite and sandstone where events of history were engraved and now form sites of archeology. 
These are the sites of Kaling war, Buddhist monastery, Buddhist art and culture, Lingaraj temple 
and rock cut caves by Jain monks of ancient times etc. These are located at Dhauli, Ratnagiri, 
Lalitgiri and Khandgiri hills etc. These testify to the fact that deltaic land has been a site for 
human attraction both in historical past as well as in the present. It is not unlikely that it was also 
inhabited by early human beings of the stone age period. 


Mahanadi Detta is rich in fertile soil, has abundant water, both surface and underground and 
possibility of hydrocarbon is not ruled out. !t has a vast tourist potential. Along with the attractive 
features of the delta, there are problems affecting the deltaic land and its people. The most 
important problems are recurrent floods and cyclones which shatter the economy of the people. 
The recent super cyclone of Oct. 29-31 '1999 has attracted the attention of the nations of the 
world for the devastation it created in the region. Many of the attractive natural sites with rich 
biodiversity, e.g., Chilika lake and Bhitarkanika swamp are degrading with time due to human interference. 


It may be pointed out here that the Mahanadi deltaic terrain has four distinct geological stages in 
its development : 1) the formation of Easternghat crystallines belonging to the Archean age 
forming the basement of the delta, 2) the formation of the coal bearing Gondwanas in grabens 
within the basement crystallines, 3) the formation of east coast basin due to rifting of Indian plate 
from Australia and Antarctica during end of Mesozoic and 4) deposition of marine and deltaic 
sediments beginning from Upper Cretaceous till the present. 


The history of east coast marine basin also shows four important stages: 1) rifting of the continents 
during Upper Cretaceous associated with volcanic eruption and deposition of clastic sediments. 
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Fig. 1. Location of Mahanadi Delta along East Cost of India 
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both under land and sea conditions, 2) development of Paleogenes representing thick carbonate 
buildups under stable shelf condition and establishment of continental shelf-slope divide, 3) 
deposition of thick Neogene sediments under deltaic to marine conditions following a major 
hiatus during Oligocene and 4) formation of coastal laterites following a second hiatus during the 
Pliocene-Early Pleistocene period. About this time Mahanadi river appeared in the scene and 
sedimentation during Upper Pleistocene—Holocene gave rise to the modern Mahanadi Delta 
superimposing itself on all other earlier geological events and phenomena. 
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The present book attempts to unravel the geological history and morphology of Mahanadi deltaic 
terrain prior to the development of Mahanadi river and subsequent to it when the modern detta 
was produced by Mahanadi river itself during Quaternary period. Fig.4 shows the gelogocal map 
of iMahanadi deltaic terrain in which the major rock formations shown are : Archean crystallines, 
Gondwans sedimentary rocks, laterites and the coastal alluvia. 


Fig. 3. Mahanadi Delta with the Distributary Channels. 
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Fig. 4. Geological Map of Mahanadi Deltaic Terrain 
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CHAPTER - II 
DEVELOPMENT OF EAST COAST BASIN IN ORISSA 


N. K. Mahalik 
Professor, Geology (Retd.), Utkal University, Bhubaneswar 


INTRODUCTION 


Before knowing the details of the Quaternary Mahanadi delta it would be helpful! to discuss about 
the origin and development of Mahanadi coastal basin in which Mahanadi river deposited its 
sediments to form the delta. The Mahanadi coastal basin forms an integra! part of the east coast 
sedimentary basins of India and has a similar origin as others, e.g. Godavari, Krishna and Cauvery 
basins. These basins have been extensively studied by many workers specially connected to 
the exploration of hydrocarbons, e.g., Bharali et al (1987, 1991, 1998), Das (1966), Govindan 
(1984), Jagannathan et al (1983), Kaila et al (1987), Mishra et al (1984), Mohinuddin et al (1993), 
Murti et al (1973), Ramamohan Rao (1988), Rao (1993), Sahid (1967), Sastri et al (1973) and 
Sastri et al (1984) etc. Ramamohan Rao (1988) has given an excellent review of the geological 
events leading to the development of east coast sedimentary basins. The origin of the east coast 
has a direct bearing with breaking up of Gondwanaland, movement of Indian plate to north, its 
collision with the Asian plate and a variety of neotectonic movements. 


From the earlier work it is believed that the plate containing India, Antarctica and Australia 
separated from the rest of Gondwanaland about 200 my ago (later part of Triassic). The Indian 
plate separated from Antarctica and Australia about 147 my ago in late Jurassic. The oldest 
magnetic anomaly in the Indian ocean is dated at 147 my (Markl, 1974). The oldest sediment 
recovered from the deep ocean floor between India and Australia are of Barremean age (Early 
Cretaceous, 116 Ma). The oldest marine miogeoclinal deposits on the east coast of India are 
Albian (106 Ma, Mid Cretaceous). Burke & Dewey (1973) proposed the concept of mantle plume 
generated (ridges) triple junctions, along which continents break and separate. According to 
them, two of the three ridges open up the ocean and finally join to form a plate boundary while the 
third arm fails to open and becomes a rift along which major rivers flow down to the newly opened 
basin and form dettas. On the east coast of India they have identified four fossil triple junctions 
described as Bengal, Cuttack, Guntur and Palk located close to the mouths of Ganges, Mahanadi, 
Godavari and Cauvery respectively. It is believed that the sedimentary basins of east coast have 
developed in this way. The east coast rivers got their orientation flowing to south east from the 
original north westerly paleoslope of the land. The easterly drainage got established by early 
Cretaceous period. 


During northerly movement of Indian plate the east coast of Indian plate remained a passive 
continental! margin favourable for stable shelf sedimentation. The main sedimentaries of the east 
coast formed from Albian (Middle Cretaceous) upwards in different basins designated as Bengal, 
Mahanadi, Godavari—Krishna and Cauvery etc. 

The east coast sedimentary basins are considered to have been formed as pull apart basins 
following the rifting of the continental margin of the Indian plate in which faults down to the 
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basement have given rise to a series of depressions and ridges in the early stages of Cretaceous 
which were normally aligned to the prevailing NE trend of the Eastern Ghats. 


It may be mentioned here that a different set of grabens were formed along the east coast at the 
junction of major cratons prior to rifting of continents. These are Godavari graben, Mahanadi 
graben and Damuda graben which lie across the coastal grabens. The Gondwana grabens have 
a WNW-ESE trend while the coastal sedimentary grabens have a NE~SW trend superimposed on 
the former. 


COASTAL SEDIMENTARY GRABENS (POST RIFT) 


Sastri et al (1973) have described a number of depressions and ridges in Cauvery delta formed 
by faults running down to the basement (Fig.1a). Similarly Rao (1993) has described several 
ridges and depressions in Godavari—Krishna delta as shown in Fig.1b. Based on several earlier 
works on Mahanadi detta (Kaila etal 1987 and Sahid 1967) a picture of basement structures have 
been presented in Fig 1c. Fig 1c shows a sequence of predrift depressions and ridges e.g. Jajpur 
Depression, Chandikhol Ridge, Cuttack—Kendrapara Depression and Bhubaneswar Ridge. 
Superimposed on them are the post drift coastal depressions such as Konark Depression, Paradip 
Depression and Chandbali Depression etc. It is believed that the Cuttack-Kendrapara Depression 
containing Gondwana sediments was earlier in continuity with the Lambert Rift of Antarctica 
(Hofmann, 1996) 


MAHANAD! COASTAL BASIN 

Superimposed on the paleo-Mesozoic coal bearing Gondwana basins and across it, the east 
cost Mahanadi basin was formed due to rifting at Cuttack triple junction. The rifting was associated 
with outpouring of basaltic flows (Rajmahal traps) during the early Cretaceous time. The volcanics 
were essentially terrestrial in origin and were accompanied by sedimentation both in onshore and 
offshore basins. 


The first significant subsidence and onset of major sedimentation and also marine transgression 
in Mahanadi basin began in late Cretaceous around 83 Ma. Later on, over the gently sloping shelf 
of Upper Cretaceous period marine Paleogene carbonates were deposited. These carbonates 
were thickest over Paleogene shelf edge. The shelf edge was by this time completely defined 
between the continental shelf and the slope. During Late Oligocene-Early Miocene period (28-20 
Ma) the basin experienced a major regression and uplift followed by hiatus and erosion. In the 
Mid-Miocene period the basin experienced both transgression and subsidence. The transgression 
reached as far inland as Baripada in north Orissa and Delanga in SW Mahanadi delta. Thick Mio- 
Pliocene clastic sediments (Baripada Bed) were deposited over-the Paleogene shelf sediments. 
Owing to basinal subsidence and high rate of sedimentation the Mio-Pliocene were affected by 
numerous growth faults and roll over structures. Subsequently Pleistocene glaciation brought 
extensive regression along the east coast accompanied by subaerial weathering and laterite 
formation. During this time Mahanadi river was getting fully established as a major river system 
and probably during Upper Pleistocene and Holocene it deposited its clastic load under deltaic to 
marine conditions and gave birth to the modern Mahanadi delta which forms the theme of this 
book. Other rivers such as Baitarani and Brahmani in north Orissa also did delta building along 
with Mahanadi forming a compound delta (Mahalik 1984). It has been discussed by Mahalik, 
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(1984) that Brahmani river appeared late and pushed itself into the pre-existing deltas created by 
Mahanad;i and Baitarani. It has captured the waters of Birupa branch of Mahanadi river. 


GEOLOGICAL HISTORY OF EAST COAST 
The major geological elements in the east coast basin could be summed up as follows: 


The basement rocks in the Mahanadi delta are the Easternghat crystallines (khondalites, 
charnockites and granite gnesses) which were faulted against the Iron Ore Super Group rocks 
(Archean) of North Orissa along a major fault designated as the North Orissa Baundary Fault, 
(Mahalik, 1984, 1994). Brahmani River Valley clearly defines this fault. 


A series of WNW-ESE regional faults occurring at the boundary of the two major rock groups 
gave birth to the Gondwana graben (Mahalik 1998) in which Gondwana coal bearing sediments 
were deposited from Upper Carboniferous to early Cretaceous period. The Cuttack—Kendrapara 
depression in Mahanadi detta is related to one such grabens. These grabens were formed prior to 
the riftling of the Indian plate from Antarctica and Australia, Subsequently the Indian plate got 
separated from its sister plates, Antarctica and Australia, due to which the East Coast Basin was 
formed and the Indian ocean (and the Bay of Bengal) appeared in the scene. 


Marine sedimentation started in this basin since the Upper Cretaceous. A hinge line separating 
the continental shelf from the continental slope got established during the Paleogene period. 
There was a pause of sedimentation in Oligocene due to marine regression. During the Neogene 
there was extensive marine transgression reaching as far inland as Baripada at the base of 
Similipal Plateau in north Orissa. Thick deltaic to marine clastic sediments were deposited during 
this period along the entire Orissa coast by east flowing rivers. 


There was a lull in sedimentation during Upper Pliocene and early Middle Pleistocene due to 
advent of the ice age. The sea moved off shore. The Baripada Beds were exposed, eroded, 
weathered and lateritised. The Mahanadi river system got established during this time and finally 
during the Upper Pleistocene — Holocene period extensive deltaic sedimentation from Mahanadi 
river system led to the development of the modern Mahanadi delta. 
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CHAPTER - III 


BASEMENT AND CRUSTAL STRUCTURES 
IN MAHANADI COASTAL BASIN 


D.M. Mall and H.C. Tewari 
National Geophysical Research Institute, Hyderabad 


INTRODUCTION 


The possibility of hydrocarbon in the coastal sedimentaries led to extensive geophysical 
investigation in Mahanadi basin since the nineteen sixties. ONGC carried out gravity and magnetic 
surveys on ground in Mahanadi delta during the sixties (Das, 1966). Fig.1 shows the Bouguer 
anomaly map of the region prepared by Sahid (1967-68). Based on the gravity, magnetic and 
limited seismic data, Murty et al (1973) indicated that the basin is composite and comprises of 
several basement depressions and ridges, e.g., Cuttack Depression, Bhubaneswar Ridge and 
several coastal depressions (Konark, Paradip, Chandbali) in which the basement depth varies 
from 200m beneath the ground around Bhubaneswar ridge to a maximum of 900 m beneath 
Cuttack - Chandbali depression. The digitized Bouguer anomaly of the region has been interpreted 
in terms of 3D basement structures using the scheme of Harmonic inversion (Mishra et al, 1984). 
The resulting model is characterized by the Bhubaneswar Ridge on the south and Cuttack - 
Chandbali Depression on the north. The maximum depth in the depression is found to be 2600 m. 
The aeromagnetic survey in Mahanadi onshore and offshore (NGRI, 1978; Babu Rao etal, 1982) 
also identified the basement ridges and depressions in the onshore area and relief variation of 1 
km. near the coast to 4.5 km. near the shelf margin in the offshore area. 


The Cuttack Depression and Bhubaneswar Ridge having an east west trend might have formed 
during the Mesozoic (prior to continental rifting) in which coal bearing Gondwana sediments were 
deposited. The coastal depressions e.g. Konark and Paradip were formed later during pericratonic 
movements during continental separation in late Mesozoic to Paleogene times. Thus there are 
two periods of graben formation, Gondwana grabens during pre-rift and coastal grabens after the 
rifting of continents. (See Chap.2, this book) 


NGRI, in collaboration with Oil India Limited, carried out deep seismic sounding (DSS) studies in 
the Mahanadi delta area with the following objectives : 


1. Detailed basement structure e.g., ridges and depressions, depth to basement, thickness of 
sediments, velocity and density of different layers. 


2. Crustal structure beneath the basement with regard to layering, their density, velocity and 
discontinuties (e.g., Conrad and Moho. etc.) 


3. Tectonics of the area. 
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Fig. 1. Bouguer Anomaly map in Mahanadi Deltaic Terrain (After Sahid 1967-68) 


DSS investigation was carried out along three profiles as shown in Fig.2 (Kaila et al, 1987) 
Profile | — Konark - Cuttack - Mukundpur 
Profile I] — Baliamba - Athgarh - Cuttack - Kendrapara 
Profile I{l ~ Paradip - Kendrapara - Chandikhol - Kabatbandha. 


DSS refraction studies were used for finding the basement structures while wide angle reflection 
data were used for delineating crustal features beneath the basement. Along all three profiles the 
depth upto the basement has been determined with the help of refraction data. 


SEDIMENTARY SECTION ABOVE THE BASEMENT 


For each profile along the delta a detailed depth section upto the basement has been prepared 
based on the refraction data (Fig.3). The interpretation of the depth sections in terms of tectonic 
features of the region and the geological implication of these results are discussed below. 
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PROFILE I : KONARK - CUTTACK - MUKUNDPUR PROFILE 
(Fig.3a) represents the basement configuration. The character of the different layers are presented 


below: 
Layer Velocity Max. thickness Remarks on basement 
Kmvsec. (m) tectonics 
Faults F, and F, with 


1.65 — 2.00 Quaternary sediments: 
3 


responsible for Konark 
4.20 1150 Tertiary limestones Depression. (Fig.4) 
or volcanics ` 
Basement 5.80- 6.0 | Depth to Crystallines 
basement 2400 m 


PROFILE Il : ATHGARH - CUTTACK - KENDRAPARA PROFILE 


Fig. 3b represents the basement configuration along this profile. The character of different layers 
are presented below : 


Layer Velocity Max. thickness Geology Remarks 
Kmvsec. (m) 
1.8 - 1.9 200 — 500 Quaternary sediments | Cuttack, Kendrapara 
depression 


Geology 


1 
: is Bounded by faults F, and F, 
2 3.3 — 3.9 2400 Gondwanas changing | The fault F, has down throw 
eastward to Tertiary 
& Quaternary 
Basement] 5.8 — 5.9 not penetrated | Crystallines 
at 3000m below 
west of Salepur 


to north and fault F, has down 
throw to south. (Fig.4) 

PROFILE Il : PARADIP - KENDRAPARA - CHANDIKHOIL. PROFILE 

Fig. 3c shows the different layers, velocities and thickness~along this profile. 


Layer Velocity | Max. thickness Geology Remarks 
| mses | a | | 
1 1.65-1.8 350-500 Quaternary * The second layer values decrease 
a Ma a towards north of Kendrapra 
Basement] 56-67 | — | Cnelalies [| 
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BASEMENT TECTONICS 


The basement tectonics consists of several ridges and depressions in the onshore (landward) 
area and along the coast. The land ward structures consist of Cuttack-Kendrapara Depression 
and Bhubaneswar Ridge while the coastal structures consist of Puri-Konark Depression and 
Paradip Depression. 


CUTTACK-KENDRAPARA DEPRESSION 


It has an east-west extension which is across the coastal depression. It is older than the coastal 
depressions and contains Gondwana rocks above the basement crystallines. The maximum 
thickness of sediments above the basement is 3000m of which Gondwanas constitute 2300m 
and the rest consists of Tertiary and Quaternary. The Gondwana sediments are in continuity with 
the delta head Athgarh Sandstons. The velocity continuously decreases towards east due to 
Tertiary sediments occurring in the coastal areas. 


BHUBANESWAR RIDGE 


The Bhubaneswar ridge lies between Puri-Konark Depression in the south and Cuttack Depression 
tothe north. Probably this ridge is counter—part of the Cuttack Depression and bounded by faults 
F, & F, (Fig.-4). 

The coastal depressions were located along the coast at Konark and Paradip. They are believed 
to be related to drifting of Indian plate from Antarctica and Australia. They are younger compared 
to the Cuttack Depression and the Bhubaneswar Ridge. 


A comprehensive basement map has been prepared (Fig.4) based on the results of refraction 
studies and gravity map. 


CRUSTAL STRUCTURES IN MAHANADI DELTA 


A combination of refraction and wide angle reflection data were used to obtain the crusta! 

velocity model which is presented in Fig.5. In this model the P-wave velocity of 5.9 km/sec. at 
depths of 1.1 km most probably represents the granitic basement. The jump to 6.45 km/sec at 6 
km depth is likely to represent a change of velocity within the granitic layer. This layer has been 
followed as a good reflection marker along all the three profiles. The velocity shows a decrease 
to 6 km/sec at a depth of 17.5 km and increases again to 7.1 km/sec at 20.5 km depth. The 
increase in velocity at 20.5 km depth may represent the ‘Conrad’ Discontinuity. The velocity 
jump from 7.1 to 8.1 km/sec occurs at 34.5 km depth which most probably represents the 'Moho' 
Discontinuity in this region. 
For each of the three profiles crustal depth sections below the granitic basement were prepared 
based mainly on wide angle reflection data (Fig.6, Profile-1I). Three possible markers in the 
crustal column has been identified and named as A, B and C. In Profile-Il markers A, B and C lie 
at depths of 8-9kms, 13-16km and 18-23 km respectively. The ‘Moho’ discontinuity appears at 
30-33 km. Similar markers and ‘Moho' discontinuity have been identified along other profiles. 


Fig.7 shows the crustal layers beneath Mahanadi delta. The density of various layers were 
determined on the basis of composite velocity model using crustal velocity - density relationship. 
The velocities and densities of different crustal layers are given in Table-1. 
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Fig. 4. Subsurface structures (Depressions and Ridges) in Mahanadi Delta. 
Note : Jajpur Depression & Chandikhol Ridge are introduced by the Editor. 
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TABLE 1 : VELOCITY AND DENSITY OF CRUSTAL LAYERS 


Velocity (Knmvsec) Density (gmec) Lithology 


2.4 = 4.2 Sedimentary rocks 


$ BA SE MENT 


ଠା 
Middle 


MOHO DISCONTINUITY 


DISCUSSIONS 


Crustal thickness under Mahanadi dettaic terrain varies between 30-34 km. This is lower than the 
40 km crustal thickness found in Peninsular shield of india. Under Godavari graben it is 41-43 
km. It is taken that there is a crustal thining in Mahanadi delta. The Bouguer anomaly values in 
Mahanadi basin, which are about +20 to 40m gals, are higher than those in the Indian peninsular 
shield (—20 to —100 mgals). Higher gravity anomalies are due to the closeness of the mantle layer 
beneath a thinner crust. The Moho depth in Mahanadi delta region compares very well with those 
in northwestern Australia where depth to Moho is 28-32 km. The rank and type of lower Gondwana 
coal of the east coast are similar to coals in northwest Australia. These observations are consistent 
with the view that Western Australia and India were in close proximity before and during the break 
of the Gondwana land. 


CONCLUSIONS 


The following conclusions can be made about the Mahanadi deltaic region based on geophysical! 
studies: 


Layers 


1. Gondwana grabens were formed due to faulting in the underlying basement crystallines. 
The Cuttack-Kendrapara Depression and Bhubaneswar Ridge were formed during this stage 
prior to rifting of continents. 

2. Rifting of the continents was associated with concomitant volcanism. 


East Coast Marine Basins e.g., Konark, Paradip and Chandbali Depressions were formed 
after rifting. 
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CHAPTER - IV 


MAHANADI DRAINAGE BASIN AND PROCESS 
ENVIRONMENTS IN DELTA MAKING 


N.K. Mahalik 
Professor, Geology (Rctd.), Utkal University, Bhubaneswar 


INTRODUCTION 


The modern Mahanadi delta was formed by the contribution of sediments from the Mahanadi 
catchment to the pre-existing Mio-Pliocene coasta! basin. It conceals all the past history of the 
area. As would be known later the Mio-Pliocene sequence was the best developed sequence in 
coastal Orissa. These are characterised by the dark grey sediments containing rich organic shell 
remains (Oliva-Glycimeris association) and dark oolites found in all bore hole cuttings from 
Tolapada to Puri in south-west Mahanadi delta. Such sediments are also found in North Orissa 
coastal plains as reported by Bhatnagar et al (1970). Subsequently, there was a great climatic 
change which brought in the ice age in many parts of the earth. In Orissa coast this was reflected 
by regression of the Mio-Pliocene sea. It is believed that the Mio-Pliocene sea which was at 
Delang in Mahanadi deltaic terrain retreated to the present day coastal! area. During this period 
Mahanadi River came into existence and started depositing its sediments in the area and laid 
foundation to the formation of its delta. As semdiments got deposited, Mahanadi started bifurcating 
at Naraj with appearance of the first distributary channel, Kathajodi, lying to its south. During the 
entire period of delta building there has been fluctuation in the sea level represented by 
transgression and regression of the sea in the coastal tract. The strand line was changing with 
time along with changes in distributary systems. A series of strandlines appeared and disappeared, 
so also a series of meander belts (distributary systems) appeared and disappeared during 
development of Mahanadi detta. 


FACTORS INTHE DELTA DEVELOPMENT 


Several factors have contributed to the formation and development of the modern Mahanadi 
delta over a time span extending probably from Upper Pleistocene (?) to the present time. The 
important contributing factors are : a) Mahanadi catchment; (b) Mahanadi tributary systems; Cc) 
process evnironment of the depositional basin and d) evolution through a period of geologic time. 
These are being discussed here. 


MAHANADI DRAINAGE BASIN (CATCHMENT) 

Mahanadi drainage basin is one of the biggest drainage basins along the east coast (Fig. 1) with 
an aerial spread of about 141589 sqkm (including deltaic land) lying between latitudes 19°20 N 
and 23° 15' N and longitudes 80° 30' E and 87°00E and covering parts of Madhyapradesh 
(75136sqkm), Orissa (65580 sqkm), Bihar (635 sqkm) and Maharastra (238 sqkm). The catchment 
proper (detta not included) covers an area of 132080 sq.km. It is 851 km long, 357 km in Madhya 
Pradesh and 494 km in Orissa state. The basin is almost circular in shape, with a large crown, 
400 km in diameter and a narrow trunk zone of about 60 km wide and 160 km long, ending up with 
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the delta characterised by root like distributary channel systems. It has a dendritic drainage 
pattern. Hirakud dam, a major dam constructed across river Mahanadi at Hirakud during 1957 
divides the catchment into two segments : controlled catchment above the dam (80,000 sq.km.) 
and uncontrolled catchment of 52080 sq.km below the dam. The principal sub basins of Mahanadi 
river are : Seonath, Jonk, Hasdo, Mand, Ib, Ong and Tel. etc. as shown in Fig. 2. 


Geomorphology and Relief of the Catchment 


The catchment is topographically uneven and heights vary from 900 m to 20 m. There are 
numerous plateaus, irregular high lands and peneplains which have been described by Das 
(1992) in her Ph. D. Thesis on Mahanadi Detta. The relief of the area is shown in Fig 3, and the 
regional stope of the catchment is presented in Fig 4. A look at the satellite image of Orissa, 
Fig.5 shows a prominent NNE-SSW trending axia! highland flanked by a low lying coastal depression 
on the east and a peneplained land of moderate relief to the west. The central highland again 
shows three distnict geomorphic divisions : the north Orissa highlands underlain by rocks of Iron 
Ore Supergroup, the south Orissa highlands underlain by rocks of Eastern ghat Group and the 
central valley zone underlain by the coal bearing Gondwana rocks. This valley zone is the 
Gondwana graben/Mahanadi graben between north Orissa horst and south Orissa horst (Fig. 6). 
Hofmann (1996) believes that the Gondwana graben was once continuous with the Lambert Rift 
of Eastern Antarctica when India and Antarctica were together in the Gondwanaland. With the 
separation of continents during the Cretaceous the East Coast Basin was formed and the Gondwana 
graben was faulted along the east coast lineament and got down thrown into the East Coast 
Basin. It now lies hidden beneath the coastal sediments. The Gondwana graben in the coastal 
basin has been identified as the Cuttack-Kendrapara Depression. The various horsts and grabens 
in Orissa have shaped the morphology of Mahanadi catchment and the delta e.g., the crown of 
the drainage basin lie west of the central axial horst, the narrow trunk lies within the central axial 
horst and the delta is formed in the coastal graben (Fig 6) 


Geology of the Catchment 
The Mahanadi drainage basin is underlain by rocks of diverse age and origin, from Archean 
crystallines to youngest alluvium. The major geological formations underlying the basin consists 


of Easternghat Group, unclassified crystallines, granites, gneisses, Proterozoic and Gondwana 
sedimentaries etc. Fig 7 shows the geological! map of the drainage basin. 


Land use 


The drainage basin shows various land use controlled by lithology and geomorphology. The most 
important land uses are : forest cover (35%) in hills and uplands; cultivation (650%) in low lying 
areas and human settlement. 


Hydrology and Climate 


The area comes under tropical monsoon climate with a hot season commencing from March up 
to mid-June. The southwest monsoon sets by middle of June and continues upto October. The 
basin gets 90% of the total rainfall from monsoon rains. The mean annual rainfall is 142 cm. Cold 
season follows the rains from November upto February. The temperature in the basin varies from 
around 10°to 45°celcius. 
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Fig. 1. Mahanadi Drainage Basin 
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Fig. 5. FCC of Orissa State 


Sediment and Water in the catchment 


Water and sediments are two fundamental items that contribute to form a delta. Their quantity is 
of utmost importance. It has been observed that the annual average runoff measured at Tikkerpada 
on Mahanadi is 1800m™/s. The total suspended matter in Mahanadi varies from 130 to 800 mg/ 
litre. The sediment load at Tikkerpada is 81916 tons/day. More than 90% of water flow occurs 
during three months, July to September. It is also observed that more than 95% of sediment 
discharge takes place in monsoon season only. Annually Mahanadi river delivers 15.75x10° tons 
of sediments (dissolved and suspended) to the Bay of Bengal. 


Dams and Reservoirs 


There are numerous dams and reservoirs in Mahanadi basin which control discharge and sediment 
supply into the deltaic sink. The most important of all the dams is Hirakud dam at Hirakud in 
Sambalpur district of Orissa which was completed in 1957. It has a controlled catchment of 
80,000 sqkm upstream of the dam and 52080 sqkm of uncontrolled catchment. Hirakud dam 
controls the water and sediment regime of Mahanadi basin. About 68% of the inflow of the 
sediments is being trapped in Hirakud reservoir which affects the post construction dynamics of 
Mahanadi delta. 
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Fig. 6. Regional Tectonic Features of Orissa 


TRANSPORT OF WATER AND SEDIMENT OF THE CATCHMENT 


The catchment forms the source of water and sediment-which are transported into the 
basin of deposition through a number of major and minor tributaries. T he different tributaries meet 
the main channel! at different points and make the crown of the tree like pattern. The main trunk 
channel starts from the neck of the crown at Sonepur and moves through a narrow, elongated 
hilly catchment upto Naraj where the river starts dividing into distributaries to form the delta. The 
important feature along the trunk channel is a 22 km. long deep gorge at Tikkerpara which the river 
has to carve out of the imposing hilly terrain before it reaches to the low lying coastal plain (Fig. 1). 


THE DEPOSITIONAL BASIN AND PROCESS ENVIRONMENTS 


The coastal depositional basin took shape during the late Cretaceous due to rifting of continents 
and many depressions and ridges characterise the basement morphology. Sediments were brought 
into this basin since the Upper Cretaceous. The delta of Mahanadi proper was formed presumably 
during the Upper Pleistocene with the development of Mahanadi river system. River Kathjodi 
was set off from Mahanadi at Naraj as the first major distributary system which laid the foundation 
of the present delta. From that time on till the present, there has been sea level fluctuations, 
shifting of strand lines and formation of new distributary systems which all witnessed the 
development of the delta. The delta evolved both under subaerial and submarine conditions 
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under the influence of several depositional environments such as surface running water, sea 
waves, tides, littoral drifts and wind action. The process environments and the energy conditions 
of depositional media have all affected sediment assembly which in turn decided the geomorphology 
and land use. Geological time has added to the complexities of the delta as morphologies of 
different ages and origin have got mixed up in space and time. There is both vertical and horizontal 
juxtaposition of morphologic features in the delta. The space and time aspect of the delta is 
discussed subsequently. The sediment load carried into the basin from the catchment is handled 
by a variety of agents with different energy conditions. The principal agents in the detta formation 
are : flowing water in river channels and flood plains, seawaves, tides, longshore currents and 
wind. The different subenvironments are fluvial, estuarine, marine and aeolian. 


Fluvial Environments 


The ability of rivers to carry sediments generates from the movement of a fluid mass down a 
slope. The velocity of moving water depends on the quantity of water it carries, the larger the 
mass of water the higher is its velocity and carrying capacity. Hence during .monsoon and in 
flood times the mass of water in a channel is more, its velocity is more and its carrying capacity 
is more. Since the quantity of materials Which a current can carry varies approximately as the 
sixth power to its velocity, a small reduction in velocity is accompanied by a large reduction in 
carrying capacity with the excess material deposited on bed. The velocity of river water varies in 
space and time. It is highest in monsoon and lowest in dry season, it is highest in the channel 
proper and decreases away from the channel, e.g., in levees and floodplains. The principal 
subenvironments in the river regime are channel, bank and flood plains (Doabs) and the deposits 
are channe! deposits, point bar deposits under high energy condition and levees and flood plain 
deposits in low energy condition. The sediment types, their grain size and roundness are directly 
related to the energy condition of the moving water. The channel deposits, for example, are 
coarser than the flood plain deposits. 


Aeolian Environment 


Wind though not a principal agent, has a supporting role in delta building both in subaerial and 
submarine environments. Its role is seen in the development of river bed and river bank dunes 
and beach dunes. Wind is responsible for wave generation and littoral drift. It has been seen in 
Mahanadi delta that wind is responsible for shifting of river courses. In Mahanadi delta the 
prevalent southern wind builds sand dunes on the northern part of the channels. In course of time 
the northern part of the river banks get choked and flow is diverted to new southern channels. In 
Mahanadi delta, aeolian dunes are well seen on northern flood plains, e.g. at Balkati village on 
Bhargabi River, Naharkanta on Kuakhai river and Pirbazar area north of Mahanadi river (4km 
east of Jagatpur). Wind is also prominent in sea marginal! areas. There are numerous sand dunes 
developed between Chilika lake and Konark on the sea coast. Some of the dunes are as much as 
12 m high, e.g., the Baliharchandi temple near Brahmagiri. Chilika, Puri and Konark areas are 
strewn with sand dunes. Wind borne deposits are well sorted and fine grained. i 


Marine Environment 


The principal agents in the coast are waves, tides and tittoral drift. Waves are generated in the 
sea due to wind blowing in the area. Waves play with the sediment influx and build a beach. 
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Coarser materials are usually deposited in wave dominated regions because of higher energy 
condition of the waves. If the river discharge and sediment load are high in the area in comparison 
to wave forces, sediments would be deposited more rapidly than they could be reworked by 
waves. The river will then succeed in overcoming the effects of marine forces and would build a 
prograding detta. 


Littoral Current Dominated Environment 


When waves incident obliquely at the coast, a long shore component of wave energy is developed 
parallel to the coast. It behaves like a long shore current and carries sediment from one part to 
another and deposit them at suitable site to produce spits and offshore bars which may enclose 
a part of the sea to form a lagoon, like Hukitola bay in Mahanadi mouth area (Fig.8). There is a 
prominent littoral drift along the coast of Mahandai delta coming from south west to carry sediments 
to northeast. Spits and bars are prominent at the mouth areas of Mahanadi and Debi rivers. 
Formation of spits and offshore bars obstruct the direct entry of rivers to the sea, hence most of 
the river mouths in Mahanadi delta are deflected into a northeast direction and run parallel to the 
coast before they could empty their load into the sea. 


Tidal Environment 


Tide is regular periodic rise and fall of the water surface of the sea due to gravitational pull of sun 
and moon on earth. Low lying coastal areas are swept off constantly by the high and low tides. 
Most river mouths are affected by tides. In Mahanadi delta tidal effects are felt up to 20-30 km 
inland. Tides carry suspended fine sediments from the coast into the inland areas and deposits 
them in a variety of subenvironments e.g. tidal flats and tidal swamps etc. This fine soft sediment 
and salt water swamps often give rise to unique vegetation known as mangrove. Bhitarkanika is 
a classic area of mangrove forest in Mahanadi delta. Tidal features are well developed around 
north and south of Mahanadi mouth area. 


The shapes of delta are a resutt of the geological agents in operation. The magnitude of geological 
agents, e.g.fluvial, wave and tide dominated regimes are variable in different parts of the world. 
When fluvial forces are dominant, a bird's foot delta forms as in Mississippi delta, when tides are 
dominant digitate deltas form like the Ganges delta of India and when all the forces are of equa! 
magnitude, an arcuate detta is the result. Most of the deltas of the world are of arcuate type, e.g. 
Nile, Orinoco, Niger, Godavari, Krishna and Mahanadi deltas etc. because of the equal magnitude 
of these forces around the river mouths. 


TIME IN DELTAIC EVOLUTION 


The geological! agents which build a delta do not remain stationary with time; river channels 
become defunct with time and new channels form. Similarly coastlines shift and a new marine 
regime comes into position. Transgression and regression of sea occur due to other global changes 
or new tectonic developments. New topographies form with the new fluvial and marine regimes. 
Paleo-topographic features such as paleo-channels, paleo-beaches, paleo-flats and paleo-lakes 
etc may be buried beneath or may occur side by side with the new ones. These are amply evident 
in Mahanadi delta. Several! generations of fluvial and marine features have been mapped and an 
evolutionary history of development has been deciphered. 


37 


Digitized by srujanika@gmail.com 


Fig. 8. Spits, Bars and Bays around Mahanadi Mouth 
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CHAPTER - Vv 
GEOMORPHOLOGY AND LAND USE IN MAHANADI DELTA 


W. MAEJIMA! and N.K. MAHALIK? 
'Assoc Professor, Osaka City University, Japan 
Professor, Geology (Retd), Utkal University, India 


Mahanadi river which came into existence as a major river system during the post Mio-Pliocene 
period deposited sediments brought from its vast catchment into the coastal basin and formed 
the arcuate delta as is seen today. It conceals all the earlier morphologic features and sediments 
in the area. It has produced a variety of new landforms due to sedimentation under different 
geological environments (e.g. river water dominated regime, sea water regime and aeolian regime) 
and energy conditions. They differ in their scale of development (large scale regional! or small 
scale local features) and their age of formation (e.g. present beach, paleo-beach, present channels 
and paleo-channels etc.). Geomorphology of Mahanadi delta has been studied from satellite 
images, aerial photographs, topographic maps and from field mapping along suitable traverses 
(Manhalik et al 1996). The following genetic types could be differentiated : 


Geological agents Geomorphologic features 
1. Subaerial weathering and 1. Laterite peneplains, Residual hillocks, 
mass wasting processes monadnocks 
2. Fluvial processes 2. Distributary channels, paleochannels, 


doabs, channel bars, point bars, flood plains 
natural levees, doab drainage channels, swamps, 


ox-bow lakes 
3. Marine processes 
a) Waves a) Beaches, beach ridges and paleo-beach ridges etc. 
b) Tides b) Tidal creeks, tidal swamps, tidal tats 
c) Littoral drift c) Spits, offshore bars, bays and lagoons. 
4. Aeolian processes 
a) Marine environment a) Beach dunes 
b) Fluvial environment b) River bed dunes, over bank dunes 


There is a significant correlation between geological agents, their energy condition, sediment 
constituents, landform, land use and land cover. Some examples of this relationship with reference 
to Mahanadi delta can be cited here (Table 1). 


The different morphologic features of Mahanadi delta are discussed under three broad sectors : 
(I) Delta head and delta margin and the Delta proper consisting of (2) Central deltaic region and 
(3) Sea marginal region (Fig. 1.) 

1. MORPHOLOGY OF THE DELTA HEAD AND DELTA MARGIN 

The land ward deltaic margin extends from Chandikhol on the north to Chilika lake on the south 
with the delta head lying at the centre, around Naraj. At the delta head the mother river Mahanadi 
splits into two major channels, Kathjodi on the south and Mahanadi on the north. Before entering 
into the delta head Mahanadi river flows in a lateritic peneplain dispersed with isolated hills or hill 
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ranges of charnockite and khondalite rocks. At the delta head proper, an outlier of Gondwana 
rock is met with which form hillocks through which the river cuts through. The important highland 
in the area is Chandka hilis underlain by Gondwana rocks. Thereafter the river enters into the 
coastal plain and delta building starts. In the hilly sections of the delta head, low lying depressions 
occur which are filled by rain water and over bank flood waters giving rise to many small wetlands 
known as "Pata" or lake. Some of the important wetlands are Chhatisapat near Choudwar, Anshupa 
lake and Nandankanan lake etc. Many of the wetlands are degrading into swamps due to soil 
erosion and improper use. The once famous Anshupa lake is now getting lost. However, 
Nandankanan pata has been developed into a tourist centre with the development of the Zoological 
garden and Botanical garden on either side. The delta margin to the north and south of the delta 
head is characterised by undulating uplands, lateritic peneplains and many detached hills of 
Easternghat crystallines. 


TABLE 1. RELATION BETWEEN SEDIMENTATION, MORPHOLOGY AND LAND USE. 
Geological Energy Sediment Morphology Land use 
Agent condition type land cover 

Standing water Organic silt & | Swamps Ill drained area 

zero energy clay 

Low energy Silty clay Flood plains 
River water 


Moderate energy | Silty to fine Levees Human settlement, 
sand roads, canals. 
High Energy Coarse sand &| Channel bar &! Human settlement, 
gravel point bar plantation 
Sea wave Moderate to Coarse to Beach Human settlement 
High energy medium sand plantation 
Sea tides Low energy Fine silt & Tidal flats Agriculture 
clay & swamps Mangrove forest 
Biodiversity. 
Littoral Moderate to Fine to Spits, bars Human settlement 
drift low energy medium sand | [agoons Biodiversity 
Sight seeing 
Wind Moderate Uniform fine Dune Human settlement 
to low energy sand & silt country & orchad etc. 


DELTA PROPER 


Down stream of the delta head at Naraj, the distributary system has fanned and uttimately meets 
the Bay of Bengal at several discharge points. Both the riverine and marine forces have joined 
hands to distribute the sediments carried by the trunk river Mahanadi from its vast catchment. 
The result has been the growth of the arcuate delta partly of fluvial and partly of marine origin. 
From Upper Pleistocene time the process of sedimentation continues till now and many changes 
inthe paleogeography and paleo environment have been deciphered from the multiple morphologic 
features and subsurface sediment profile encountered in the bore holes. The deltaic plain from 
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the delta head to the sea can be divided into two major regions (Fig. 1), the upper deltaic plain 
formed under fluvial environment and the lower deltaic plain formed under fluvio-marine-acolian 
environment. The sea ward part of the upper deltaic plain conceals beneath it materials of marine 
origin. 

THE UPPER DELTAIC PLAIN 

The most important morphologic aspect of this region is a fanning distributary system (making a 
fan angle of 140° and the intervening doabs (Fig 3, Chap 1) The major distributary systems which 
are seen today are Birupa, Mahanadi, Kathjodi and Kuakhai systems. The Birupa flows north 
east and joins Brahmani, the Mahanadi flows east and has given rise to many branches e.g. 
Chitrotpala, Nuna, Paika etc and ultimately meets the Bay of Bengal north of Paradip. The 
Kathjodi runs south easterly and has given rise to many branches e.g., Sarua, Biluakhai, Debi, 
Kanda} etc and joins the sea. The Kuakhai system, an offshoot of Kathjodi flowing south westerly 
has branched into Kushbhadra (joining the sea), Bhargabi and Daya, both joining the Chilika lake. 
At the outer boundary of this deltaic plain the many branches of the different systems join 
together to form single channels before meeting the sea. In Kuakhai system the different branches 
however do not join together. The two branches, Kushbhadra and Bhargabi rivers of this system 
deflect into opposite directions, Kushbhadra running east ward to join the sea and Bhargabi 
flowing westward to join Chilika lake. 


The area between the distributary channels are known as doabs and consist of vast featureless 
alluvial plains (flood plain) occupied by paddy cultivation. Natural levees are seen fringing the 
distributary channels characterised by human settlement, communication system and canals. 
There are as many as eight doabs numbered I-Vii! of which doabs IV and Vill are part doabs 
lying on the margin of the delta (Fig. 1, Chapter 1). In the centre of the doabs a number of 
drainage channels and back swamps are present. The important drainage channels flowing at the 
axial part of the Doabs are : 


Gobari between Birupa and Nuna, draining into Hukitola bay 

Hansua-Badnala between Mahanadi and Debi draining into Jatadhar Muhan 

Kadua between Prachi & Kushabhadra draining into Prachi river 

Dhanua ୨ Kushbhadra and Bhargabi draining into Kushbhadra and to Sar 
ake. 

Nuna between Bhargabi and Daya draining into Chilika 

Baghuni between Chitrotpala and Nuna. 


The river channels present either features of braided channel with channel deposits and channel 
islands or meandering channels giving rise to point bar deposits. Many often it is observed that 
the northern bank of rivers are covered with thick deposits of sand due to action of southerly 
wind. As the northern bank is occupied by thick sand, the river channels shift to south. Since the 
northern part gets completely choked new channels start along the southern bank. This is Seen 
in Kathjodi-Debi river system. The Biluakhai river has been extinct in this way. 


The wind carries finer sands into nearby low lying flood plains and forms a micro-duned country. 
These areas are suitable for human settlement and orchads. Such areas are seen between Pir- 
Bazar and Bahukuda on the north bank of Mahanadi. 


44 
Digitized by srujanika@gmail.com 


Within the fluvial delta, close to the delta margin, numerous hillocks or hill ranges are seen which 
are composed of khondalites and Gondwana sandstones. The principal hills from north to south 
are Assia hills (Udayagiri, Alamgiri, Lalitgiri, Ratnagiri), Chandikhol hill, Badachana hill, Chhatia 
hill, Knandagiri-Udayagiri hills of Bhubaneswar, Dhauli hill, Pipili hill and Kamandal hill near 
Delang etc. Some of these hills abound with past historical activities and are now places of 
tourist interest. The most important ones are : Ratnagiri—Udayagiri-Lalitgiri (Buddhist features), 
Khandgiri-~Udayagiri (Jain features) and Dhauli (Ashokan edict). 


The sea ward part of the outer deltaic plain B,, is known to be underlain by Mio-Pliocene marine 
deposits. The Delang-Jagatsinghpur-Indipur paleo-strand line of Mio-Pliocene sea lies beneath 
this deltaic sector. 


THE LOWER DELTAIC PLAIN 


This part of the delta lying close to the present coast shows evidence of its formation both by 
fluvial and marine activities. It can be divided into two sub zones (Fig. 1,C,-C, belt), one close to 
the sea (sea marginal) and the other inland of the coast. (C,). 


The inland part of the lower deltaic plain is characterised by low lying wet plains, fine grained 
sediments, tidal infected rivers, tidal creeks, swamps, ill drainage of land, non-development of 
levees etc. The area shows mouth region of plaeo-channels, paleo-creeks, paleo-beach ridges 
etc. Human settlements are very sparsely located on paleo-channels and paleo-beach ridges. 


The sea marginal part of the lower deltaic plain (C,) is characterised by tidal rivers, right angle 
turn in the river courses aligning parallel to the coast, series of beach ridges intervened by tidal 
creeks, tidal sawmps with mangrove forest, beaches, beach ridges and lakes. Human settlements 
are located on older beach and beach ridges. There is massive plantation in the sandy tracts. 
Chilika lake, Bhitarkanika tidal swamp and Chilika-Puri-Konark beaches are places of great human 
interest. 

The sea coast is characterised by spits, bars, embayments, active beaches, tidal swamps and 
river mouths. The important river mouths are Mahanadi and Debi which show sequential changes 
in their point of discharge into the sea. Wind has played an important role in shaping the beach 
sands. Large and big sand hills are seen in the beach. One sand hill at Balinarchandi is about 
12m high above the mean sea level. Chilika lake, Jatadhar Muhan and Hukitola are important 
lagoons along the sea margin while Bhitarkanika is a famous tidal swamp with classical mangrove 
forests. Gahirmatha is an important beach on to which thousands of Olive Ridley turtles come 
every year for breeding. 


PALEOGEOMORPHIC FEATURES 


Aerial photographs, satellite images and field verification show many paleo-features in the delta 
which gives an idea of evolutionary changes in the development of the delta. The features relate 
to paleo-channels, paleo-beach ridges, paleo-lakes, paleo-river mouths, paleo-tidal features (flats, 
creeks etc.) and paleo-strand lines. 


Paleochannels 


There are many generation of paleochannels which are very clearly identified in aerial photographs. 
They relate to three early generations 1) dead and buried, 2) dead and partially buried 3) defunct 
channels. Figure 2 shows Sukpaika channel which has recently been defunct. The Land use in 
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Fig. 2. Recent paleo channel 


the defunct channel has changed to paddy cultivation. The dead and buried channels are seen in 
excavations and bore hole cuttings. Thick sand layers resembling river channel deposits have 
been observed in many localities; for example, these are found in bore hole cuttings at Tolapada 
(Ref Chap 6 Fig 2). They represent products of the earlier generation of distributary channels in 
the delta. Since the first distributary channel to take off from Mahanadi at Naraj was Kathjodi, the 
earlier stage of fluvial activity can be designated as Kathjodi stage. The second stage of paleo- 
channels are represented by Burdha river around Jagatsinghpur in the south and Sukhabhadra 
river, originating from Mahanadi at Bahugram college area in the north. Burdha originates from 
old Kathjodi at Jagatsinghpur. It moved north wards and many sub channels started from this. 
They all disappeared along an earlier strand line around Ersama. These paleo channels are now 
occupied by human settlements. 


The Sukhabhadra river originated from Mahanadi river at Bahugram college area and flew north- 
eastward in Doab |! to meet an earlier sea at Chandabali. Some of the sister channels first flowed 
north eastwards and met an earlier sea existing along Pattamundei and Ersama area (Fig. 3). The 
extinct course of this river can be seem at Bahugram, at places along Gobari drainage channel 
and at Kendrapara town. It is believed that both Burdha and Sukhabhadra represent the second 
stage of delta development and they emptied in to a paleo strand line running along Aul-Kanika- 
Pattamundei-Erasama and Chandanpur (Fig.3.) 
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Prachi-Alaka-Ratnachira system 


Old Prachi river, which was a mighty river earlier has now become defunct in its upper reaches 
while in the lower reach it maintains its flow. It originated from Kathjodi at Naraj and flowed via 
Barang and Phulnakhara and then branched into several major channels, e.g., the main channel 
along Adaspur-Niali-Kakatpur; second channel along present Dhanua between Kushbhadra & 
Bhargabi (doab VI) draining into Sar lake and the third channel, the Ratnachira, flowing in Doab 
VII and draining into Chilika lake. The morphology of Prachi river has been discussed in detail by 
Kar (1980) in an M.Phil thesis submitted to Utkal University. 


Alaka river system 

Alaka river system which is contemporary to Prachi is now defunct and branched off from Biluakhai 
river in Kathjodi system; it flowed southeast-wards to join the sea along the present Jatadhar 
Muhan. Prachi, Alaka, Ratnachira met the earlier sea along a paleo-strand line running between 
Dhamra-Kujanga-Konark about 5 km west of the present coast line. This represent the third stage 
of Mahanadi delta development. 


Present distrubutary channels 

The present distributary channels such as Birupa, Chitrotpala, Nuna, Paika, Debi, Kushbhadra, 
Bhargabi and Daya meet the sea along the present coast running from Dhamra mouth through 
Mahanadi mouth, Debi mouth and Chilika lake. This represents the latest stage of delta 
development. Thus the four stages of delta development as revealed from paleo-channels are 
(Ref Chap 6): 


Distributary channel! stage Strand line stage 
1) Kathjodi stage (oldest, now buried) Close to the present coast, now buried 
2) Burdha-Sukhabhadra stage (dead) Kanika-Pattamundei-Ersama-Chandanpur 
3) Prachi-Alka-Ratnachira stage (defunct) Kujang-Konark 
4) Birupa-Debi-Kuakhai (latest) Paradip-Puri-Chilika 


Fig. 3 shows the stages of the mappable distributary systems (also refer to Fig 5 & 10 of chap.6, 
this book). 


Paleo-beach ridges 


A number of ancient beach ridges are identified in the marine marginal sector of the delta, 
especially in the region between Mahanadi and Debi rivers. They are well observed in satellite 
images and aerial photographs. These are low sandy ridges running nearly parallel to each other 
and are produced mainly by waves and modified by wind representing ancient shore line. These 
are lying several kilometers inland of the present coast line (Fig 3). The ridges<farthest from the 
coast are inhabited and plantation covered. The farthest beach ridges lie 15 km inland of the 
coast around Ersama area. 


An unusual beach ridge exists near Ghordia village in south west delta lying about 40 km from 
the present sea at Puri. It has a length of about 4.5 km and width of 1 km covering an area of 3 
Sq.km. It lies at the base of Kamandal hill of khondalite rocks. Sedimentological study by Prusti 
(1992) shows it to be a beach deposit. It is thought to be related to Mio-Pliocene sea and hence 
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older than the Mahanadi deltaic development. It is related to Delanga-Jagatsinghpur-Indupur 
strand line now overlain by the sediments of upper deltaic plain. 


Paleo-lakes 


Lake formation is a common feature along the coast. It is due to embayment of a part of the sea 
by formation of spits and bars along the coast. There are lakes of different ages in Mahanadi 
delta. The oldest is represented by swamps of Ersama area, equivalent of Burdha stage. Samang 
lake, Sar lake and Jatadhar Muhan represent the lakes of Prachi stage. The last generation lakes 
are represented by Chilika lake and Hukitola bay. 


Paleo-Tidal fiat 


Tidal flats and tidal creeks of different ages could also be identified. The oldest tidal flats are 
farthest from the sea and are now actively under paddy cultivation. The next generation of tidal 
flats are flat open grass covered land while the latest tidal flats are close to the sea, tidally 
flushed and are covered by mangrove forests. 

The four stages of delta development are presented in Table 2 below : 


TABLE 2. STAGES IN DELTA DEVELOPMENT 


|__Stages | River stage | strand line | Lake | Tidal Swamp & flats. 


Stage 1 | Kathjodi stage Close to Buried Buried 
present coast 
Stage 2 | Burdha-Sukhbhadra Pattamundei Ersama Agriculture covered 
stage Erasama Swamp tidal flats 
Stage 3 | Prachi-Alaka- Kujang- Sar & Grass covered 
Ratnachira stage Konark Samang flats 
Stage 4 | Birupa-Debi-Kuakhai { Paradip- Chilika Present day flats & 
stage Puri Hukitola swamps (Bhitarkanika) 


RECENT CHANGES 


Changes in the delta are continuously taking place, even today. A look at Debi river mouth and 
Mahanadi river mouth shows the changing features. Debi river is changing its mouth continuousty. 
It has three mouth positions migrating from north to south. Land is being added in Debi mouth 
due to formation of river mouth bars, embayment of sea by bar formation and filling up of the 
embayed areas by sediment dumping. The Mahanadi river mouth is also changing with time. It 
was earlier emptying into the Hukitola bay but now it is emptying into the sea close to Paradip. 
The Santra river area south of Paradip is a good example of recent changes. The Mahanadi detta 
is continuously building into the sea and is in prograde condition. 


LAND USE AND LAND COVER 


The land use and land cover in Mahanadi delta is directly related to the geomorphological features 
of the area. As has been stated earlier these features are the product of sediment deposition 
under different geological environments and energy conditions. The geomorphologic features 
differ in their soil type, ground height, ground slope, moisture content, drainability etc. Table 1 
shows the relation between sedimentation, morphology and land use. in the subaerial part of the 
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delta the morphologic features are :- lateritic peneplains, isolated hillocks or hill ranges, patas 
and lakes, distributary channels with natural levees, broad flat flood plains, drainage channels, 
ill-drained swamps and river bank dunes. Closer to the coast the morphologic features are :— 
beaches, beach dunes, lakes, tidal flats, tidal swamps etc. There are also old generation features 
such as paleo-channels, paleo-beach ridges, paleo-tidal flats and paleo-lakes found side by side 
with the recent morphologic features. 

The most important land uses of the deltaic terrain are agriculture, human settlement, plantation 
and forest cover, transportation routes, water bodies, natural settings of tourist interest, biodiversity 
and ill-drained swamps. 


Agriculture 

The flood plains of Mahanadi delta created by the distributary channels are ideal morphologies 
for agriculture especially for paddy cultivation. These are low lying flat plains occupying doabs 
charactrised by fine grained sediments with good water holding capacity. Majority of deltaic land 
is covered by paddy cuttivation. Besides the flood plains, the tidal flats especially the older 
generation tidal flats are suitable for agriculture. 


Human settlement 

The most important areas of human settlement are concentrated along river levees, sand duned 
terrains and beaches. These occupy higher ground, made up of coarser sediments and are 
drainable. 


Plantation and Forest cover 

Forest cover is seen in upland areas and hilly terrains in the delta margins. The tidal swamps, 
close to the coast show a special type of forest growth such as mangrove forests. Debi mouth, 
Mahanadi mouth and Dhamra mouth are famous for mangrove forest development. The beach 
sand deposits take up a variety of plantation e.g. casurina, cashew etc. Orchads grow well in 
upland part of subaerial deltas in levees, and in duned areas. 


Transportation routes 

Roads and canal networks are usually taken on higher grounds. River levees are most suitable 
forthem. 

Water bodies 


A variety of water bodies are seen in the delta. These may consist of river channels, patas and 
lakes at the delta margin and lakes and tidal swamps at the sea marginal areas. These are 
suitable for fishing, boating, sight seeing and biodiversity. 


Natural settings of tourist interest 


These settings are of varied types. Delta marginal hillocks contain historical and archeologicat 
events. Hills like Lalitgiri, Udayagiri and Ratnagiri, east of Chandikhol, constitute a diamond 
triangle famous for their Buddhist cultural remains. Delta marginal wet lands such as Anshupa 
lake and Nandankanan are places of tourist interest. Chilika, a brackish water lagoon, is the 
biggest lake in Asia and a Ramsar site (Chap 16). It is famous for its biodiversity of migratory 
birds and marine life. The vast beaches at the margin of the blue sea is of immense interest to 
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the tourist. The beach also attracts Olive Ridley turtles from far away places in Indian ocean for 
annual breeding. The tidal swamps especially the Bhitarkanika tidal swamp (chap 14) is well 
known for its mangrove forest and biodiversity. It has also been declared as a Ramsar site. 


Illdrained areas 

There are several low lying areas in the delta where drainage is a problem. These are confined to 
axial zone of most doabs and areas lying behind beach morphology. The various geomorphological 
features are shown in Fig. 3. 
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CHAPTER - VI 


STRATIGRAPHY, PALEOGEOGRAPHY AND 
EVOLUTIONARY HISTORY OF MAHANADI DELTA 


N.K. Mahalik 
Professor, Geology (Retd), Utkal University, Bhubaneswar 


INTRODUCTION 


From a single channel river, appearing sometimes in the Pleistocene time, Mahanadi has developed 
into a multichanneled fanning system producing an arcuate delta covering around 9000 sq.km. 
of land mass. During the interval of this time a sequence of changes took place through appearance 
and disappearance of a series of distributary channels, strandlines, lakes, tidal flats and beaches 
etc. The present chapter tries to decipher the changes with time that has taken place during detta 
building. Information has been obtained from several sources such as: (1) Bore hole cuttings, (2) 
Organic remains in bore hole cuttings, (3) Carbon dating of the organic remains and (4) Morphologic 
features in the delta. 4 


BORE HOLE CUTTINGS 


In the early part of nineties, Danish International Development Agency (DANIDA) undertook a 
programme of exploration along the coastal saline tract of Orissa to locate and develop groundwater 
to meet the drinking water needs of the area. A detailed examination of the bore hole cuttings 
retrieved from several bore holes drilled across the delta was undertaken which provided information 
on the nature of sediments along the vertical profile and the presence of organic life (both animal 
and plant) in them. Analysis of sediments and organic remains gave enough information on sea 
level fluctuation, paleostrandlines, paleodepositional environments and paleogeography. 


Of the many bore holes drilled by DANIDA in Mahanadi delta, attention may be focussed to a 
series of wells drilled along a line (Fig.1) across the southwestern delta from inland hard rock 
terrain around Delang to Puri along the coast (Mahalik, 1955). The specific wells of significance 
are located at Delang, Rench, Tolapada, Sadanandapur, Sakhigopal, Birgobindapur, Bhagbanpur, 
Chandanpur, Biraharekrishnapur and Puri. Bore hole cuttings from Delang, Tolapada, Bhagbanpur 
and Puri bore holes are used for stratigraphic study and evolutionary history of the delta. The 
cuttings represent either basement material or deposited sediments lying over the basement. 
The deposited sediments represent either fluvial, lacustrine or marine materials. They may be 
inorganic sediments and or mixed with variable amount of organic remains of both anima! and 
plant fife. 


Nature of Basement : The cuttings from basement consists mostly rocks of Easternghat Group, 
e.g. khondalite, charnockite, leptynite, granite gneiss etc. The depth to basement varies, very 
shallow at land ward side to very deep towards the sea. At Delang it is about 100m below ground 
level but around Puri the basement is not reached at 600 m. depth. The drop in depth to basement 
indicates presence of coastal faults. These faults have given rise to coastal depressions (Ref. 
Mall & Tewari, this book). 
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Cover sediments : The basement is covered by a variable thickness of sediments of diverse 
nature reflecting depositional environment, paleoclimate and paleogeography. They differ in colour, 
texture, mineralogy and organic remains. It has been possible to develop a lithologic sequence 
based on study of the above features as presented in Fig. 1. 


Colour of sediments : In each bore hole, the colour of sediments typically changes down the 
depth. A rough correlation of sediments between the boreholes is possible, based on colour. In 
general, yellow to brown coloured sediments are underlain by dark grey sediments which invariably 
contain organic remains and coloured oolites. The yellow sediments could be further differentiated 
based on presence or absence of limestone and organic shells. An unconformity could be thought 
of between the dark fossiliferous sediments and the overlying yellow brown sediments. The dark 
sediments are believed to represent Tertiary depsosits (Mio-Pliocene) and the yellow brown 
sediments represent Quatemary sediment belonging to Mahanadi river parentage. Colour of sediments 
reflect on the nature of environmental condition of sediment generation and their deposition. During 
subaerial weathering most sediments take a brown to yellow colouration indicating oxidising condition 
both during their formation and deposition. Dark grey sediments indicate a reducing depositional 
environment where even the yellow brown sediments get reduced in the reducing environment. 
Some yellow brown sediments of the nature of gravels look exactly like river bed deposits. Such 
river bed gravels are typically seen in Tolapada bore hole cuttings (Fig.2). 


Fig. 2. Paleo river sand at 30m depth in Tolapad Borehole drilled by DANIDA 
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Texture of sediments : Texture, which refers to size, gradation of sizes and roundness, is very 
variable representing different depositional environments e.g. river channel, & flood plain deposits, 
beach deposits, tidal deposits, marine deposits and aeolian deposits, etc. 


Lithologic Composition : The bore hole cuttings represent varying lithologies. There are rock 
fragments of granite, khondalite, charnockite, leptynite, quartzite, sandstone, ferruginous oolites, 
limestone, laterite and mineral fragments of quartz, feldspar, heavy minerals and clays. Rounded 
1o elliptical shaped iron silicate oolites are invariably found associated with the dark grey sediments 
of the lower horizon. (Fig.3). 


Fig. 3. Iron Silicate Oolites, Locality; Puri borchole 


Oolites : Extensive occurrence of iron silicate oolites have been observed exclusively in the 
basal dark grey shell bearing sediments. They are distinctly marine. They show concentric 
layering (Fig .4) with or without a nucleus and are believed to have been formed by the precipitation 
in amorphous state of hydrous iron silicates of variable composition approximating between 
glauconite and chamosite (Mahalik et al, 1998). They were deposited in a shallow marine reducing 
environment. 


Example of Bore hole cuttings : Bore hole cuttings from four representive bore holes are 
presented and discussed here. These bore holes are located at Delang, Tolapada, Bhagabanpur 
and Puri (See Fig 1 and Table 1) 
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Table 1 BORE HOLE CUTTINGS IN SOUTH WESTERN MAHANADI DELTA. 


Depthbelow Nature of cuttings 
ground (m) 


Environment of deposition 


Remarks. 


1. Delang Bore Hole 


Yellow sand & clay Subaerial, fluviatile Mahanadi river 
46-80 Brownish clay & sand deposits under oxidising deposits of 
condition (Quaternary deposits} Quaternary Period. 
Possibie marine influence 
brown and blue sand & (Tertiary age ?) Not related 

clay. to Mahanadi river 
93-106 Basement rocks Basement rock, 
(khondalite & charnockite) Archean age 


2. Tolapada Bore Hole 


Yellow clay Flood plain deposits Mahanadi river 
26-60 Light yellow coarse sand River bed deposits deposits on land 


and gravel deposits 
60-80 Blue clay Possible marine influence Mahanadi river 
deposits in sea 
80-90 Light brown gravelly sand River bed deposits Mahanadi river 


designated as Rench Formation 


deposits on land 
N 


sediments with organic here referred to as Tolapada 
shells. Bed equivalent to Baripada Bed, 


Mahanadi. 


Dark clay Flood plain deposits Mahanadi river 
10-55 Yellow sediments with lime- Marine deposition under sediments during 
stone and invertebrate shells oxidising environment Quaternary period 


Yellow sand & clay without 
shells or limestone 

Dark grey to balc ertiary marine Not related to 
sediments with oolites and sediments (Tolapada Bed) Mahanadi river 
marine shell remains 


4. Puri Bore hole 


0-38 Shallow marine sediments Shallow marine Mahanadi river 
with shells and laterite gravel (Transgression) sediments during 
Quaternary Period 


Subaerial deposition 


38-89 Yellow clay Subaerial deposits 
89-103 Yellow sand with limestone Marine deposits 


103-146 


Dark grey sediments with Tertiary marine sediments Not related to 
shell and oolite (Tolapada Bed) Mahanadi river 


1. The cuttings of Delang borehole shows basement rocks of khondalite and charnockite at 
shallow depth followed by lavender blue sandy clay. This blue clay may be of marine origin. 
If it is true, it could be of Tertiary age. This is followed by river flood plain deposits which 
may belong to Mahanadi river deposits (Quaternary). 
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Fig. 4. Internal structure in Oolites 
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2. The cuttings of Tolapada show distinct dark grey sediments with remains of marine 
invertebrates (lamellibranchs, gastropods and foraminifers). These represent MioPliocene 
sediments. During Mio-Pliocene period the sea invaded the land as far upto Delang. The 
beach sand at Ghordia discussed earlier may represent the strand line of the Mio-Pliocene 
Period. Later the sea retreated and land condition existed in the area. At this time the 
Mahanadi river came into existence and a distributary branch of the Mahanadi deposited 
the light brown gravelly sands (Fig 2) giving foundation of the Mahandai deltaic sedimentation. 
It was followed by a blue clay horizon presumably of marine origin. This may represent a 
marine trangression into the area. The blue clay was followed by river laid deposits in land 
condition indicating marine regression. 


3. Bore hole cuttings at Bhagabanpur show dark grey marine sediments followed by yellow 
sand and clay of subaerial deposition. The dark sediments represent Tertiary (Mio-Pliocene) 
deposits in a marine basin. Later there was regression of the sea and during Quaternary 
(Upper Pleistocene) Mahanadi sediments were deposited in land condition. During late 
Upper Pleistocene yellow sediments with limestone and shells were deposited in a 
transgressive marine basin. The sea receded subsequently and subaerial deposition of 
sediments took place in Holocene period. The two marine horizons met in this bore hole are 
distinctly different in their colour, lithology and nature of organic remains. The lower horizon 
is made up of dark sediments with profuse ferruginous oolites and rich suite of lamellibranchs 
and gastropods. It represents shallow reducing marine environment. This is believed to be 
of Mio-Pliocene age and predates Mahanadi deltaic sedimentation. The upper marine fomation 
is lime rich and yellowish in colour. The shell content is poor and the shell fragments do not 
match with the shell contents of the darkgrey sediment horizon. The shell remains of this 
horizon is weathered. The deposits represent an oxidising depositional environment. 
Calcareous sediment of this horizon has given carbon dated age of 20,000-30,000 yrs B.P. 


4. The cuttings of Puri borehole show basal dark sediments with lots of ferruginous oolites 
and shell fragments representing Tertiary deposits. This is followed by yellow sand and 
limestone belonging to a later age but formed in an oxidising marine environment. This 
probably belongs to Upper Pleistocene sea. The change from dark marine sediments of the 
Tertiary to yellow marine sediments of the Upper Pleistocene definitely indicates a change 
in the paleoclimate and environment in Puri area. Further upwards are the yellow clays 
without any fossils or limestone. This may represent deposition in land condition. The 
Upper Pleistocene sea retreated sea-wards and beyond the present day shore line (Fig 5D). 
Subsequently in the early Holocene the sea advanced landward again up to Puri and 
Holocene marine sediments with lots of laterite gravels were encountered at the top of the 
profile. The organic remains in the form of sea shells are totally different from the earlier two 
horizons. Based on these data a stratigraphic sequence can be built up for the south 
western Mahanadi delta as shown in Table 2. 
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TABLE : 2. STRATIGRAPHY OF SOUTHWEST MAHANADI DELTA. 


Puri Formation Coarse sand and gravel with laterite frag 
(Holocene) ments and recent marine shells. 


Bhagbanpur Formation Limestone bearing sand with minor 
(late Upper Pleistocene) shell fragments, mostly weathered 


Rench Formation Yellow brown sand and gravel of fluvial origin 


(early Upp. Pleistocene) 
Urtconformity 


Tolapada Beds Darkgrey sediments with well preserved or 
MioPliocene ganic shell remains and ferruginous oolites. 
Unconformity 
Easternghat crystalline rocks Khondalite, charnockite and granites. 

(Archeans) 


In Table 2 above, the top three horizons constitute the Quaternary sediments, mostly yellow to 
brown in colour underlain by the darkgrey sediments with lots of ferruginous oolites and well 
preserved organic shells (gastrorpods + lamellibranchs). The sediments of the Quaternary and 
Tertiary are so different that an unconformity has been placed between the two associations. 


It may be noted that at Tolapada, only one marine formation has been observed, at Bhagabanpur 
two marine formations are observed and at Puri, three marine formations are observed. The 
oldest marine formation contains lots of bivalves and gastropods (Glycimeris sp., Cardiocardita 
sp., Veneri cardita sp., Meretix sp., Arca sp., Scapharca sp., Oliva sp., Marginella sp., Drillia sp., 
Terebra sp., Nerita sp. and Rimella sp. etc. Fig.6). Carbon dating of these shells indicate an 
undefined age above 35000 yr BP. Similar dark grey fossilliferous sediments are found extensively 
in north Orissa coastal plains (Bhatnagar et al , 1970) and are taken as Tertiary age. This marine 
formation in Mahanadi detta should also be taken as of Tertiary age. The second marine formation 
wel! observed in Bhagabanpur bore hole is yellow in colour and contain weathered and ferruginised 
shell fragments and limestone. The organic remains are totally different from those of the Tertiary 
dark grey sediments lying below. Carbon dating of the shells and limestone of this horizon indicate 
an age around 20000 to 30000 yrs BP (representing late Upper Pleistocene age). 


The top marine formation is only seen at Puri and is characterised by coarse gravelly sediments 
with irregular fragments of laterite, quartzite etc and very recent invertebrate remains of 
lamellibranehs (Anadara sp, Goniomactra sp, Telina sp, Mactra sp) and gastropod (Cerethiopsis 
sp, Babylonia sp, Fig.6). The age, by carbon dating, of shells in this formation is found to be 
5000-8000 yrs BP. The top marine horizon represents Holocene age. 


PALEOSTRANDLINES 


From analysis of the bore hole cuttings it is possible to guess about the paleostrandlines. There 
are as many as five paleostrandlines as shown in Fig 5. The Mio-Pliocene strand line which is 
the interior most, the early Upper Pleistocene strandline with which Mahandi river first interacted 
to produce its delta, the late Upper Pleistocene, the end of Pleistocene strand line and the early 
Holocene strand line. 
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Fig. 6 Invertebrate shells in Mahanadi Deltaic Sediments. 


Al & A2. Oliva sp from Sadanandapur Borehole 


A3. 


A4. 


AS. 


AG. 


(147.6-148.6m depth) 

Cerithiophsis sp Puri BH 16m depth and 

Oliva sp Sadanandapur BH 147.6 - 148.6m depth 
Conus sp Sadanandapur BH 147.6 - 148.6vm depth 
Conus sp Sadanandapur BH 147.6 - 148.6vm depth 
Rimella sp Sadanandapur BH 147.6 - 148.6vm depth 
Terebra sp Sadanandapur BH 147.6 - 148.6vm depth 
Mactra sp Puri BH 15 - 20 m depth 

Planorbis sp Puri BH 15 - 20 m depth 

Tridonta sp Puri BH 15 - 20 m depth 

Volutaspina sp Pun BH 15 - 20 m depth 

Coral Puri BH 18m depth 

Goniomactra sp Puri BH 18m depth 

Coral Sadanandapur BH 147.6 - 148.6m depth 
Shark tecth Sadanandapur BH 127.6 - 128.6m depth. 


Bl. 


Merctrix sp: Venericardita sp; Glycimeris sp and 
Cardiocardita sp; all from Tolapada BH 166.6 - 167.6 
depth 


B2 & B3. Echinoid and Coral from Bhagabanpur BH 23.3m 


B4. 


BS. 


BG. 


depth Volutaspina sp and Telina sp from Bhagabanpur 
BH 108m depth 

All Glycimeris sp from Sadanandapur BH 124.6 - 
125.6m depth 

Anadara sp; Goniomactra sp; Goniomactra sp and 
Mactra sp from Puri BI between 13-26m depth 
Tridonta sp; Goniomactra sp; Tridonta sp and 
Goniomactra sp from Puri Bh 13-26m depth 


Note ; Shells from Tolapada, Sadanandapur and Bhagabanpur BH are of Neogene age; Shells from shallow depth of 
Bhagabanpur BH belong to Upper Pleistocene period and Shells from shallow depth of Puri BH belong to Holocene period. 
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ORGANIC REMAINS IN BORE HOLE CUTTINGS 


Very interesting and useful organic remains were obtained from the bore hole cuttings. The 
organic remains are of two types : Invertebrate shells and plant poilens. The invertebrate shells 
represent both megascopic and microscopic varieties. Rare specimens of shark teeth and echinoid 
have also been observed. 


Invertebrate Shells : The most important finding from bore hole cuttings in southwest Mahanadi 
Delta is the extensive occurrence of fragments of shells of a variety of lamellibranchs (bivalves), 
gastropods and corals. Shell fragments were observed in three different horizons. (1) Lowermost 
horizon of dark grey sediments with ferruginous oolites (Tolapada Formation), (2) middle horizon 
of yellow, yellowish brown limestone bearing sediments (Bhagabanpur Formation) and (3) 
Uppermost horizon containing laterite gravels (Puri Formation). THese three suites differ very 
much from each other in their assembly of specimens, freshness and age. 


The first fossiliferous horizon : Most inland occurrence of rich marine fauna was found in 
Tolapada bore hole consisting of dark grey sediments. This horizon is found in all wells from 
Tolapada to Puri as a basal formation. The presence of sea at Tolapada is beyond doubt because 
of these remains. May be the marginal part of the sea was still inland as far upto Delang. This 
represents a Mio-Pliocene event earlier to Mahanadi river formation. 


The remains are mostly broken shells of bivalves and gastropods with minor coral and shark 
teeth (Fig .6). These are fresh looking and are generally associated with coarser sediments such 
as sand and gravel indicating high energy condition of deposition in the sea bed. They appear to 
resemble recent living marine shells. The typical genera identified are : Bivalve : Glycimeris sp, 
Cardiocardita sp, Venericardita sp, Meretix sp, Arca sp, Scapharca sp, Megacardita sp. The 
most prominent species is Glycimeris sp; Gastropod: Oliva sp, Marginella sp, Drillia sp, Terebra 
sp, Nerita sp, Rimella sp, Barbarofusus sp, the most prominent species being Oliva. This shel! 
association can be named as Oliva-Glycimeris because of their quantitative superiority in the 
assembly. The highly fragmented state of these shells indicate high energy condition which was 
operating at the site of deposition. Probably waves and littoral currents churned them and 
segregated them into coarse sediment horizons. The association with dark grey coloured sediments 
and ferrous oolite indicates reducing environment of deposition. Some of the shell fragments 
dated by carbon dating method from different depths indicated greater than 35;000 yrs BP. The 
technique used to date these shells is not suitable for older ages. These shells could be any older 
than 35000 yrs. Such dark grey sediments occurring in north Orissa coastal plains were taken as 
Tertiary age (Bhatnagar et al, 1970) . The Tolapada organic remains could be equivalent of Baripada 
beds (Mio-Pliocene). 

The second fossiliferous horizon (Bhagabanpur Formation) was first located at Sadanandapur 
bore hole (see Fig 1) south of Tolapada. At Tolapada its presence is felt but not conclusive. It is 
well developed in Bhagbanpur area. It is characterised by yellow looking sediments with numerous 
fragments of limestone. There is very poor occurrence of shell fragments which consist of bivalves, 
gastropods, corals, shark teeth and echinoids. Genera seen in the dark grey sediments described 
above are not seen in this horizon. The shell fragments are ferruginised and weathered. The 
shells were either recycled or were exposed to weathering during period of marine regression. 
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They are dated, by carbon dating, to be about 20000 to 28000 years B.P. In colour, species 
composition, quantity, state of freshness and age it differs totally from the shells of the dark grey 
horizon lying below. They represent late Upper Pleistocene period. 


The third fossiliferous-horizon (Puri Formation) was located at Puri and is not seen any where 
landward of Puri. These shells are associated with black or brown coarse sediments with lots of 
laterite gravels. These are very recent shells and are fresh looking. They consist of Bivalves 
(Anadara sp, Mactra sp, Goniomactra sp, Telina sp, Tridonta sp) and Gastropods ( Cerethiopis 
sp, Planorbis sp, Volutaspina sp, Drillia sp) and Coral ( see Fig 6). The depth of occurrence varies 
from 5mto 25 m . These are beach dwelling animals and are much different from the earlier two 
associations just described. Carbon dating shows their age to be about 5000-8000 yrs BP. They 
represent the Holocene period. Based on these three horizons, presence of sea at three different 
earlier times in the inland area is felt without any doubt, the earliest during Mio-Pliocene period 
around Delang, the next inthe Upper Pleistocene around Tolapada-Sadanandapur area and the 
third and final, close to the present coast in Puri area . Thus we can visualise three transgressions 
and three corresponding marine regressions in the coastal belt from Mio-Pliocene to the present 
time. This is well shown in Fig 5 as : 


1. Transgression during Mio-Pliocene upto Delang and regression to regions near the present 
coast. Appearance of Mahanadi river with deltaic deposition on the exposed land and nearby 
sea. 


2. Transgression during Upper Pleistocene upto Tolapada area and regression to the present 
offshore area marking the end of Pleistocene. 


3. Transgression during early Holocene and regression upto the present coast. 


Microfossils 


Microfossils consist of both invertebrate animal e.g. foraminifers and plant remains, e.g. pollens, 
(Figs.7 & 8). Microfossil remains were studied to understand the paleogeography and 
paleoenvironment of the area. 


Foraminifers : Typical inner shelf (0-45 m water depth) foraminifers comprising Ammonia-Rotalia 
zone and Nonion Florius zone were observed, Fig 7. The dark grey Tertiany sediments contain a 
number of genera of the foraminifers while the limestone bearing yellow sediments (Bhagabanpur 
Formation) contain much less. Unfossiliferous sediments donot contain any foraminifer. The 
foraminifers represent near shore condition of deposition. 


Palynological Study : Besides animal remains, interesting floral remains (Fig 8) also exist in 
the bore hole cuttings which have been studied and analysed. Pollens have significant value in 
deciphering the environmental and climatic condition under which plants grow. Pollens and spores 
are preserved in sediments under suitable physico-climatic condition. In oxidising and land condition 
they are rarely preserved. Reducing marine environments usually preserve the pollens. Potlens 
of marine plant taxa indicate marine environment white pollens of freshwater taxa indicate land 
condition. Intermixing of the two may indicate a deltaic situation. Mangrove pollens are very 
valuable indicator of marine condition and paleogeography of the area. Alternating sequence of 
mangrove and freshwater pollens would indicate sea level fluctuation in the area. 
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3 : Pararotalia sp 4. Elphidium incertum 


Fig. 7. Microfossil (Foraminifers)” 


A research project was undertaken by the Birbal Sahni Institute of Paleobotany, Lucknow with 
the assistance of the author (NKM) to study palynology and palyno-stratrigraphy with a view to 
draw inference on paleoenvironment and paleoclimate along Mahanadi-deltaic terrain. 


Borehole cuttings from ground surface to 250 m depth at Sadanandapur in southwest Mahanadi 
delta were examined for the pollens. A palynostratigraphic sequence was made and interpreted 
for paleoclimate and Paleoenvironment of the area (Fig 9 and table 3) . In the figure there are 
pollen zones and barren zones. Barren zones indicate hostile climatic condition e.g. high aridity 
and oxidising environment which do not allow preservation of microbiota, whereas pollen.zones 
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Fig. 8. Microfossil (Pollens), Sadanandapur BH 


: Nypa fruticans x 1000 


10 
16 : Sonneratia apetala x 1000 


; 19 


22 : Asteraceae sp x 1000 


8 : Avicennia officinalis x 1000; 9 
- 14 : Sonneratia apetala x 1000; 15 


1- 


11 


-20 : Bruguiera sp x 1000 


- 18 : Rhizophora mucronata x 1000 


17 


21- 


66 


Digitized by srujanika@gmail.com 


are rich in pollens. The pollen zones are distinguished as containing front line mangrove taxa 
(Rhizophoraceae, Nypa fruticans, Avicenia etc), Peripheral mangroves (Fabacea, Barryngtonea. 
Phoneix paludosa) and fresh water taxa (Typha, Nymphoides, Potamogeton). The marine 
environment is represented by core mangrove taxa. Based on pollen study a palynostratigraphic 
sequence has been established for Sadanandapur area which has a lithologic sequence similar 
to Bhagabanpur area (Fig. 9 and Table 3). 


TABLE 3 : PALYNOSTRATIGRAPHY IN SOUTHWEST MAHANAD! DELTA 


Depth below Paleoenvironment 


Age 
Ground tevel (m) 


Remarks 


Land condition Holocene Upland taxa 
40-30 Marine condition (Upper Pleistocene) Mangrove taxa 
30-110 Land condition (Upper Pleistocene) Midland & upland taxa, 


mostly oxidising condition 
Unconformity 


110-170 Fluctuating condition (Mio-Pliocene) marine mangrove 
170-250 Marine condition (Mio-Pliocene) and upland taxa. 


The inference obtained from palynologic study matches with those from lithological data from 
bore hote cuttings. 


GEOLOGICAL HISTORY AND EVOLUTION OF DELTA 


The Mahanadi delta has been built over a length of time spanning from Upper Pleistocene to 
Holocene. From a single channel! Mahanadi entering the Pleistocene coast it has become a 
multichanneled distributary system with a fan angle of 140° meeting the sea along an arc from 
Dhamra mouth in the northeast to Chilika lake in the south west. During the interval of this time, 
many changes have taken place with appearance and disappearance of many sets of distributary 
channels, paleo-geomorphic features and strand lines. Based on the study of stratigraphy, organic 
remains and geomorphology, the following history of development of Mahanadi delta could be 
visualised. 


The Mahanadi deltaic sediments were laid on the ancient eroded Mio-Pliocene surface. The Mio 
Pliocene strand line has been located as far inland as Delang in Mahanadi deltaic terrain and upto 
Baripada in north Orissa. The dark grey fossiliferous sediments seen in most of the bore holes in 
south west delta could be equated with Baripada Beds. After the Baripada Beds there was a 
hiatus and the sea receded close to the present coast. The hiatus was associated with weathering 
and lateritisation. During this time Mahanadi appeared in the scene and was discharging its 
sediment load into the sea. Bifurcation of Mahandi started at Naraj leading to the initiation of the 
delta. Kathjodi branch was first to form from Mahanadi and branches from Mahanadi and Kathjodi 
deposited their sediment load subaerially and in the Upper Pleistocene sea (Fig 10). The subaerially 
deposited materials have been identified as Rench Formation lying above the dark grey fossiliferous 
sediments (Ref Table -1). Thereafter the sea started transgressing into inland areas when Burdha 
& Sukhabhadra rivers started developing. The Bhagabanpur Formation was deposited in the late 
Upper Pleistocene sea. After this period the sea started receding into the present day offshore 
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Fig. 9. Palyno stratigraphic sequence at Sadanandapur in SW Del 
Modified from Kohli (1996) 
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area. The Burdha stage was followed by Prachi-Ratnachira Alaka stage. During the development 
of these rivers the Sea again transgressed into the inland area and sediments of Puri Formation 
were deposited in this sea. The final phase was represented by the development of Birupa-Debi- 
Kuakhai rivers and withdrawal of the sea to the present coast. A correlation of the fluvial and 
marine events during the evolution of the delta is presented in a tabular form below. 


TABLE 4 : FLUVIAL AND MARINE EVENTS DURING MAHANAD! DELTA DEVELOPMENT 


Fluvial Event Marine Event Strand Line Remarks 


Late Holocene Debi stage Recent Paradip Fig 5 (F) 
5000 yrs BP to (Debi Formation) marine sediments Puri coastline Fig 10 (M,) 
Present 
Early Holocene Prachi -Alaka stage Kujang Fig. 5 (E) 
10000yrs to 5000 (Prachi Formation) (Puri Formation) Konark Fig 10 (M,) 
yrs BP standline 
Late Upper Burdha-Sukhabhadra (Bhagabanpur Pattamundei Fig 5C 
Pleistocene river stage Formation) Ersama Fig 10 M, 

¡ (0 Holocene Chandanpur 

¡ 10000-30000 (Burdha strandline 
yrs BP. Fomation) 
Early Upper Kathjodi stage Limestone 
Pleistocene (Rench Formation) bearing Onshore of Fig 5(B) 
to late Upper sediments present coast Fig 10 (M,) 
Pleistocene (buried) 


Period of hiatus, probably ice age, weathering, erosion and lateritisation on the Mio-Pliocene 
surface* 


MioPliocene Pre Mahanadi Tolapada Strandline Pre- 

(Tolapada Fluvial event Formation at Delang to Mahanadi 

Formation) Baripada Bed Baripada stage. 
along 

Orissa Coast. 


* All the sediments deposited on Mio-Pliocene surface belong to Mahanadi river proper (Upper 
pleistocene and Holocene periods) 


It may be noted that Mahanadi deltaic sediment lie over Mio-Pliocene sediments (equivalent of 
Baripada Beds, here referred to as Tolapada Formation). These are typically yellow and brown in 
colour irrespective of their marine and fluviatile origin representing a strong oxidising environment 
where as the Mio-Pliocene sediments are black, darkgrey, lavender blue coloured etc. containing 
Oliva-GIlycimeris shell association and iron silicate oolites representing strong reducing 
environment. The evolutionary history of Mahanadi delta is presented in Fig. 10. 
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Fig. 10. Evolutionary stages of Mahanadi Delta 
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CHAPTER - VII 


SURFACE WATER RESOURCES AND IRRIGATION 
POTENTIAL IN MAHANADI DELTA 


R.C. DAS 
Enginecr in Chicf (Retd), Govt. of Orissa, Water Resources Dept, Bhubaneswar 


INTRODUCTION 


A vast quantity of water is received in the delta from two sources; namely {1) rainfall occurring in 
the delta during the monsoon months and (2) water received from its vast catchment. A small 
part of the surface water is used for irrigation through a network of canals while majority runs into 
the sea through the distributary channels and along doab drainage channels. During excessive 
rainfall in the delta and/or catchment excess water received in the delta is not drained quickly 
into the sea, hence floods of different magnitudes occur which are cause of worry and at times 
bring great loss to life and property. Cyclones forming in the Bay of Bengal also cause great 
damage to the delta. Tidal bores accompanied by cyclones often inundate the coastal land by 
saline water from the sea. Because of the flat slope of the delta and geomorphology of the out 
tall areas, water entering into the delta does not get completely disposed off and large low lying 
areas along the central axis of doabs and behind sandy coastal uplands get partly or fully 
waterlogged and are made unsuitable for agriculture. Return irrigation water also adds to the 
water logging problem. Water resource management in the delta involves using water for irrigation, 
saving the delta from floods and helping proper and efficient drainage of the deltaic land. (Das, 
1983, Mishra, 1998) 


SOURCES OF SURFACE WATER 
Water is received in the delta from two sources : (1) Dettaic rainfall and (2) Catchment rainfall. 


Deltaic Rainfall : The delta receives an annual average rainfall of about 1572mm of which 73% 
falls during southwest monsoon (June to September), 17% during northeast return monsoon 
(October-December) and remaining 10% in the remaining months. It is found that in a year of 365 
days only 68 days are rainy days. Major proportion of the rain occurs in a short period during 
depressions and cyclones in the Bay of Bengal. it is noted that 50% of the rain falls only in 15 
rainy days of the year. 70% of the average rainfall mostly flow into the sea unutilised. The 
remaining 30% is used in evaporation, infiltration and formation of swamps and ill drained areas. 
During excessive rain fall in the delta flood situations occur and affect the people. Thus it is seen 
that deltaic rainfall create two problems, floods and water logging While there is no human control 
to preserve and utilise the rain water. 

Catchment Rainfall : Catchment rainfall is another prominent source of surface water which 
affects the deltaic terrain. Excessive rainfall in the catchment and its runoff into the delta can 
cause floods and water logging. The surface water from this source can be controlled by erecting 
dams at suitable places for flood moderation and canal irrigation of deltaic land. 
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Water balance studies by the Dept. of Irrigation, Govt. of Orissa shows that about 68500 million 
cubic metre of water is received at Naraj of which only 9.5% is used for deltaic irrigation and 80% 
of the incoming water flows out into the sea. 


SURFACE WATER MANAGEMENT 


(1) The water that enters the deltaic terrain has to be managed properly for the benefit of the 
dettaic people. Agriculture being a fundamental activity of the people, irrigation is a primary 
need to support agriculture round the year. Since water is received in the delta during rainy 
season only, water has to be preserved for round-the-year use by constructing dams/ 
reservoirs etc. which would supply water to various canals reaching different parts of the 
delta. 


Excessive rainfall sometimes cause high floods in the delta causing great harm to the life 
and property of the delta. Hence floods have to be managed by construction of dams, 
provision of embankments along river banks and clearing of outfall areas for quick disposal 
of flood waters. 


(3) Low lying areas in the delta, especially axial zone of doabs and behind the coastal sand 
dunes, remain water logged. Water logging condition also develops with unplanned irrigation. 
Hence better drainage of the deltaic land is very necessary for efficient and optimum land 
use and better agricultural produce. 


A fourth objective of water resource management in the delta is the provision of inland 
navigation through water ways in the deltaic terrain. 


The present section deals with irrigation management in Mahanadi delta. Floods, cyclones and 
drainage problems are discussed in subsequent sections that follow. 


IRRIGATION IN MAHANAD! DELTA : Planning for irrigation, inland navigation and flood control 
were initiated during the British rule in the later half of the nineteenth century. The East India 
Company had a comprehensive plan for the integrated development of the Mahanadi water 
resources. They planned for complete flood moderation by proposing several reservoir projects in 
the upper Mahanadi basin, extensive river embankment construction in the dettaic rivers, irrigation 
in the delta area by putting anicuts in the branch rivers of Mahanadi, improving drainage in the 
delta and establishing extensive navigation systems for trade and communication along the 
coast and outside the coast. They started with the work first with the Naraj spur which was 
subsequently converted to Naraj weir during 1856-1863 with a view to keep the discharge distribution 
between the branches of Mahanadi in fixed proportion. This was essential for flood contro! as 
river Kathjodi was developing in an alarming manner at the cost of Mahanadi and Birupa branches. 
Simultaneously the Mahanadi anicut at Jobra (Cuttack) and Birupa anicut at Jagatpur were 
constructed along with cana! systems issuing from these anicuts to irrigate the deltaic land. The 
canals (Fig 1) which came up during this period were : (1) Taldanda canal from Mahanadi anicut 
running along Mahanadi south up to Paradip; (2) Machhgaon canal originating from Taldanda 
canal at Biribati and running along the left bank of river Kathjodi, Biluakhai and Alaka upto 
Machhgaon. These two canals irrigated doab I, between Kathjodi and Mahanadi. Three major 
canals were developed from Birupa weir at Jagatpur to irrigate areas north of Mahanadi. These . 
are : 1) Kendrapara canal along north of Mahanadi-Chitrotpala-Nuna upto Jambu , (2) Pattamundei 
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canal offtaking from Kendrapara canal! at Barbodia and running along the right bank of Birupa and 
Brahmani river upto Pattamundei and then extended upto Gondakia on Gobari nalla, ( 3) Gobari 
Canal offtaking from Kendrapara canal at Sorisia and passing via Kendrapara and ending at 
Gondakia on Gobarinalla and (4) High level canal range | emanating from Birupa weir and ending 
at Jenapur northwest of Chandikho!. Simultaneously river embankments were constructed (Fig. 
2) as a measure of flood control. The irrigation of Doab I, Doab it, and Doab IV could be possible 
because of the Mahanadi and Birupa anicuts. This constituted the stage | delta or old delta as 
designated by engineers for water resource management. The remaining part of the delta i.e. 
between Kathjodi and Kuakhai systems constituting Doabs V, V!, VII & VIII could not be irrigated 
because of many of the schemes proposed earlier were not implemented. The grand plans for 
constructing many reservoirs in upstream Mahanadi basin and navigation projects were shelved. 
Even the anicut on Kathjodi at Lalbagh for which some work was initiated was held up for which 
irrigation facilities could not be provided in Puri district up till 1959. 

The canals for stage | delta were only meant for providing supplemental irrigation in the rainy 
season; there was hardly any irrigation during the dry season as Mahanadi runoff was not sufficient 
for dry season irrigation. Only after the completion of Hirakud dam irrigation was provided throughout 
the year in the stage | detta. 

Hirakud dam was completed much later in 1958. Besides power generation, it was meant for 
regulating Mahanadi water for flood control and assured irrigation round the year in both old and 
new deltas (stage II delta in Puri Dist containing Doabs, V, VI, VII, VIII). A weir was completed at 
Mundali at the head of the delta during 1959 along with a series of canals in stage Il delta. The 
Puri Main canal took off from Mundali weir from which several branch canals emanated to irrigate 
the different doabs of Puri Dist. The different canals Which came off are : 

1. Kakatpur branch canal taking off from Puri main canal at Pratap Nagar and running along 
the right bank of Debi river terminating at Astarang. 

2. Gop branch canal taking off from Puri main canal, moving along the left bank of river 
Kushabhadra and terminating around Konark. Both Kakatpur branch and Gop branch canals 
irrigate areas in Doab V. 

3. Nimapara branch canal taking off from Puri main canal runs along the right bank of river 
Kushbhadra and irrigates Doab VI. 


4. Chandanpur branch canal: It starts from Puri main canal at Balakati and moves along the 
left bank of river Bhargabi upto Gabkunda cut. It irrigates doab VI. 


5. Sakhigopal branch canal: It originates from Puri main canal and moves on the right bank of 
river Bhargabi upto Chilika Jake and irrigates doab Vil. 


6. Kanas branch canal: It starts from Puri main canal and passes along the left bank of river 
Daya upto Chilika lake and irrigates doab VII. 


7. Daya West branch canal; It takes off from Puri main canal around Barang village and 
moves upto Jatni through Bhubaneswar. it irrigates Doab VIII west of Daya river. 


Figures 1 & 2 show the map of Mahanadi delta with major distributary channels, doabs, canals, 
drainage channels, embankments, drainage cuts, escapes and barrages etc. 
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With the aid of a massive World Bank project some of the old anicuts and weirs have been 
modernised during the eighties. For example, the old anicuts on Mahanadi and Birupa have been 
converted into barrages. This has brought Mahanadi water under better control for irrigation and 
flood manipulation of the delta. After construction of Mahanadi barrage, Kendrapara cana! now 
takes off from the left side of the barrage instead of the right side of Birupa barrage as it was 
earlier. The old anicut on Kathjodi at Naraj is now being replaced by a new barrage to properly 
distribute Mahanadi waters into stage | and stage II deltas. 


After completion of stage li projects, i.e., Mundali weir, Puri canal and its branches into doabs V, 
Vi, VII & Vill, the doabwise irrigated areas and ill drained areas are shown in table 1. 


TABLE 1 : IRRIGATED AREAS AND ILLDRAINED AREAS OF MAHANADI DELTA. 


Name of Doab Gross Culturable Ill drained 
Canal command Command area, sqkm. 
Area GCA, sqkm. Area: CCA, sqkm 


Taldanda & 
Machhgaon 

Canal 

Kendrapara & 
Pottamundei 

Canal 

Kendrapara 

Canal 

HLC Range ! 
Kakatpur Br 

Puri Main and 

Gop Br canal 
Nimapara Br 

Puri Main & 
Chandanpur Br 
Sakhigopal Br Ml 
and Kanas Br 

Daya west Br Vill 
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CHAPTER - VIII 


FLOODS AND CYCLONES : RECURRING DISASTERS 
AND THEIR MANAGEMENT 


R.C. DAS! and N.K. MAHALIK?2 
!Enginceecr in Chicf (Retd.), Govt. of Orissa, Water Resources Dept., Bhubaneswar 
Professor, Geology (Retd.), Utkal University, Bhubaneswar 


INTRODUCTION 


Floods are common phenomena in the Mahanadi delta during the rainy season. At times they are 
severe and destructive causing untold miseries to people and property. Floods were very trequent 
before the construction of Hirakud dam. Now both frequency and severity of floods have reduced 
because of the Hirakud dam and many medium and minor irrigation projects in different tributaries 
of Mahanadi. Mahanadi water is now better managed because of several river contro! structures 
in the delta. 


Cyclones also occur in Mahanadi delta associated with depressions in the Bay of Bengal. At 
times they are also very damaging. The fury of the wind, excessive rain fall and unusually high 
tidal surge in the coast bring all out devastation on to the delta. 


FLOODS 


Floods occur when there is excessive water supply into a basin which it can not dispose off 
quickly. The excess water spills over and breaks the banks of the rivers and floods the surrounding 
low lying areas usually covered by agriculture and human settlement. 


The main cause of excessive water supply is due to heavy rains in the catchment. Cyclones in 
the coast also supply water both from the sky and the sea. The excessive water which appears 
suddenly into the river systems can not get disposed immediately to the sink (i.e., the sea) 
because of the very flat slope of the deltaic land, not allowing quick drainage. The river mouth 
(out fall) conditions are such that water can not get a direct route into the sea. At the mouth, 
rivers take right angle bends because of the effect of littoral drift and spits and bars at the outfall. 
The high ground of the beach and beach ridges also stand on the way of river discharge. Some 
distributaries, e.g., Bhargabi & Daya discharge into Chilika lake whose level is 1.5m higher than 
the sea level, hence the water cannot get quick disposal into the sea. Tidal surges during full 
moon and new moon time also hinder the discharge of flood waters. The banks of the distributaries 
in stage | delta (i.e. Birupa, Mahanadi, Luna, Chitrotpala, Paika, Kathjodi, Debi etc.), though 
embanked breach at times under the heavy pressure of flood waters as it happened at Dalaighai 
(on river Debi) twice in the years-1955 and 1982. The distributaries in stage II delta i.e., Kuakhai 
system (Kushbhadra, Bhargavi & Daya) have flood escapes (Fig. 2, Chap 7) and flood water 
higher than 0.6m cusecs at Naraj will make the escapes operate and water from these rivers 
escape into the surrounding doabs and flood the land. The many drainage channels in the Doabs 
(e.g. Badanalla-Hansua, etc Fig.2, Chap 7) are not efficient enough to discharge some of the 


doab waters into the sea. 
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Rainfall in the Catchment and Detta 
Orissa enjoys a tropical climate and is characterised by genera! wetness of air. There are three 
seasons: Summer, Rainy (Monsoon) and Winter. Majority of rain occurs during monsoon period 
(June to early October). The distribution of rain in a year is : 

from SW monsoon 73% (June - early October) 

from NE monsoon 17% (late Oct-Dec) 

from others 10% (Jan to May) 
The average annual rainfall in the catchment is 1515mm of which 85.4% (1295mm) occurs during 
the monsoon season. Average annua! rainfall in the delta is 1572 mm. 
SW monsoon advances over the catchment around 11th June and withdraws in the first week of 
October. Significant rainfall occurs only in association with low pressure systems which form 
over the Bay and move inland. Heavy rainfall is invariably associated with organised systems 
e.g. depressions and cyclones. Almost all the Bay systems affect the weather over the catchment. 
In general the system moves WNWlIy to NWlIy direction. Heavy rainfall occurs when the system 
is about to enter the catchment or very close to it. Highest rainfall occurs normally at the time 
when the system crosses the coast or just inland. The frequency of rainstorms in Mahanadi 
catchment between 1901-60 & 1975-1982 is given below : ° 


Rainstorm June July 
One day storm 14 (7)* 39 (20) 38(23) 
Two day 3 (6) 11 (20) 16 (17) 


Three day 4 (0; 5 (0) 7 (2) 

Four day 1 (0) 2 (0) 2 (0) 

Five day 1 (0) 2 (0) — 
* Bracket figures refer to the frequency of storms during the period 1975-1982. 
The following is the highest one day rainfall in the catchment : 


Station 
Sambalpur 


District Rainfall (mm) 


Sambalpur 


19.8.1982 


Hirakud 408.0 19.8.1982 
Bijepur 521.0 30.8.1982 
Dhenkanal Athmalik 289.5 4.7.1910 
Phulbani Phulbani 484.0 30.8.1982 
Balandpara 395.0 15.6.1936 
Bolangir Bolangir 401.6 30.8.1982 
Sonepur 365.5 16.6.1918 
Kalahandi Bhawanipatna 311.4 2.7.1930 


Highest Monthly Rainfall has been reported as follows : 
Sambalpur 1336.9mm Aug 1982 

Balandapara 1405.9 mm June 1936 

Record annual rainfall of 3669.8mm was observed at Balandapara in 1944 
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Rainfall in the Delta : Most of rains occur in monsoon and heavy rains are associated with rain 
storms. The annual rainfall in the delta varies between 943mm to 1866 mm, the average being 
1572 mm with nearly three fourths of it being received during the monsoon months itself. The 
average rainfall for a period of about 48 years ending with 1983 as recorded at Puri & Cuttack is 
given in Table 1. Maximum one day rainfall was recorded as follows : 

at Jagatsinghpur 498.6mm on 20.7.1889 

at Puri 480.1mm on 21.10.1862 


A maximum 3 day precipitation of 679mm was observed at Brahmagiri on 26, 27 & 28 Oct 1968. 
TABLE 1: ANNUAL RAINFALL IN MAHANADI DELTA (mm) 


Cuttack Average of the command 


1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 


Average 
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River Discharge at Naraj 

Due to heavy rainfall inthe catchment excessive water comes into river Mahanadi and enters the 
delta at Naraj. The level of water and quantity of discharge is measured to estimate the flood 
producing volume. It is observed that a discharge of 25500 cumecs of water (9 lakh cusecs) at 
Naraj produce a flood in Stage | delta while 17000 cumecs (6 lakh cuses) produces the initial 
stage of flood in stage Il delta where the various escapes at the head of doabs function. The 
danger level at Naraj is 26.52m equivalent of 9 lakhs cusecs discharge. Thus the stage | delta is 
more protected than the stage 1! delta. Table 2 shows the stage-discharge and flood situation in 
Mahanadi Delta. 

TABLE 2: STAGE-DISCHARGE RELATION AT NARAJ 


Discharge Remarks 


17,000 curmvsec Escapes operate in stage II 
(6 lakh cusecs) delta and cause floods 


2,55,000 cumecs 26,52 m Danger level for stage ! delta 


(9 lakh cusecs) (87.6ft) 

28,300 cumecs — Cause flood in stage | delta 
(1 million cusecs) 

41,709 cumecs Devastating floods occur in 
(1,43,2000 cusecs) entire delta. 


The annual peak flood level in Mahanadi has exceeded the danger level (26.52m = 9 lakh cusec 
discharge) for several years at Naraj. Between 1855 and 1995 (140 years) the peak level has 
exceeded the danger level 80 times, sixty times it has exceeded 10 lakh cusec discharge and 26 
times it has exceeded 12 lakh cusecs discharge. Between 1959-1995 (post Hirakud period) it has 
exceeded the danger level 18 times (in 36 years) and eight times it has exceeded a discharge of 
10 lakh cusecs. Table 3 gives the flood discharge at Naraj exceeding the danger level (i.e., 9 lakh 
cusecs) 


TABLE 3 : PEAK FLOOD LEVELS IN MAHANAD! AT NARAJ IN DIFFERENT YEARS 


Discharge Stage Remarks 
lakh cusecs (cumecs) ft. (m) 

12.8 (36342) 90.5 (27.6) 

15.0 = = = ——— 

15.0 (42,500) 22.6 (28.07) 

14.7 (41710) 92.4 (28) 


89.18 (27.18) Daleighai on Debi 
——— breached 


12.3 (34753) 
15.8 (44750) Daleighai breached 
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It is observed that there was one damaging flood i.e., above 10 lakh cusecs discharge every 
three to four year period. However after the construction of Hirakud dam in 1958 the frequency and 
severity has reduced. After 1995 till date (1999) the flood at Naraj has not exceeded 9 lakh cusecs. 
CYCLONES IN MAHANADI DELTA 


Depressions of varying intensity are common weather phenomena in Bay of Bengal during the 
south west monsoon which produce high intensity rains. The depressions and storms are classified 


as follows : 
Type of Storm Wind speed in kmvhour 


Tropical depression 60 
Tropica! storm 60-90 
Severe tropical storm 90-115 


Severe storm with core of hurricane wind 


Depressions usually develop around Andamans and proceeds WNWIy and NWlIy towards the 
east coast. Sometimes they develop into severe cyclonic storms bringing high speed winds 
(200km/hr), tidal bores, 6-7 meter high and heavy to very heavy rainfall. The Technical Committee 
on Orissa cyclones (1974) found that in a period of eighty years (1891-1970) there are as many 
as 1036 depressions of which 360 are storms, 221 are moderate storms and 139 are severe 
storms. They usually occur from May to Nov but are more frequent in months of May-June and 
October-November. The tracks of cyclonic storms for the months of May to November are given 
in Fig.1a, 1b. The tracks are more irregular in May, June, October and November but very orderly 
in July August and Septemebr. Most of the cyclones hitting Orissa coast cross the land between 
Dhamra and Paradip. Some of the recent voilent cyclones hitting Orissa coast occurred in Nov 
1950, October 1971, June 1982, 17th Oct 1999, 29th Oct 1999 etc. of which the 29th Oct 1999 
cyclone was a cyclone of great magnitude and was designated as a super cyclone. Of these 
cyclones, the October 1971 and October 1999 (2nd cyclone) were most damaging. The October 
1971 cyclone started on 26th Oct and continued till 30th October. There were 7633 human 
casuatties besides catt{e and property. There was a tidal bore of 6-7 metres high inundating large 
areas in the coast. Surpassing all the cyclones of the past years the cyclone of 29th - 30th 
October 1999 was a super cyclone. It lasted for 24hours with wind speed greater than 240km/hr. 
It affected an area between Bhubaneswar and Bhadrak. The severely affected areas lie between 
Bhubaneswar and Paradip. Paradip, Ersama and Astaranga were the worst hit in this belt. 
Devastation was unprecedented, undescribable and ghastly. Many people were swept off, most 
of the thatched and temporary houses were destroyed, most trees were uprooted, 
telecommunication was disrupted and people were in darkness in the area. Though the official 
figure of death was around 10,000 it is really difficult so tell how many actually died. It attracted 
the attention of the nations of the world. There was huge tidal bore inundating the area with saline 
water. According to a white paper issued by the Govt. of Orissa (Revenue Dept.) on this super 
cyclone the following table gives the different type and extent of losses in different Districts lying 
within the delta : 
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TABLE 4 : EXTENT OF DAMAGE BY THE SUPER CYCLONE IN MAHANADI DELTA. 


District Population Agricultural Human No. of Houses 
affected in land affected casuality affected 
lakhs in lakh Ha 


Cuttack 23.67 2,87,819 


Jagatsinghpur 12.00 2,84,337 
Kendrapara 14.00 2,71,099 
Puri 15.00 1,13,922 


CASE HISTORY OF FLOODS 


As has been stated earlier a discharge of 6 lakh cusecs at Nara] initiates a flood in the doabs of 
stage II delta because of several escapes at the head of doabs in rivers, Kushbhadra, Bhargabi 
and Daya. But this volume of water does not create any problem in stage | delta which were 
properly embanked. The danger level! for stage | delta is.9 lakh cusecs of water at Naraj. However 
the stage | delta is safe till a discharge of 10 lakh cusecs beyond which there is incidence of 
flood. Since the discharge has gone beyond 10 lakh cusecs in many years there has been 
devastating floods in both stage | and stage II delta. Some of the devastating floods in the delta 
are described below. The flood affected areas in Mahanadi delta is given in Fig 2. 


1. 1866 flood : The flood discharge was 36342 cumecs (12,83,600 cusecs) with river stage at 
27.6m at Naraj Rly bridge. The peak flood was not high but it was a long duration flood. In 
Puri Dist, it continued for 5-45 days with 1 to 3metres of inundation. In Cuttack Dist it was 
3-60 days duration with 1-5metres inundation and breaches in embankments. Na Anka 
Durbhikhya (famine) occurred during this time. 


2. 1955 flood. It was due to very heavy rainfall both in catchment and in the delta with 
11,52,386 cusecs (32627 cumecs) discharge at Naraj. There was a breach at Daleighai on 
Debi River on 6th Sept; 14 lakh people were affected. 


3. 1980 flood : It had a discharge of 12,27,476 cusecs (34753 cumeces, 27.8 m river water 
level) at Naraj. There were breaches at Birbarpatna on Biluakhai river and Jharpada on Debi 
river in Gobindpur Police Station. 


4. 1982 flood : The peak of this flood was entirely due to rainfall in the uncontrolled catchment 
without release from Hirakud reservoir. It started on 28 Aug. and peak at Naraj was reached 
on 31st Aug. Flood discharge at Naraj was 44749 cumecs (15,80,535 cusecs). The 
distribution of flood waters into Mahanadi branch was 42% and to Kathjodi branch was 
58%. Severe damage was observed in Debi system with serious breaches at Daleighai, 
Kantapada and Birbarpatna. The NH5 was breached badly between Cuttack and Bhubaneswar 
affecting communication for a month. Extensive areas in Puri & Cuttack Dist. remained 
submerged for 30 days. 


Flood Control in Mahanadi Delta 


Floods in the delta can be controlled by restricting water to reach the delta and/or disposing of the 
excess water that reaches the delta at the quickest possible time. Water can be restricted to 
reach the delta by erecting several dams in the catchment. The only major dam which has been 
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built in the catchment is Hirakud dam. It has significantly reduced the flood frequency and 
severity of floods. The following table gives the flood frequency before and after the construction 
of Hirakud Dam. 


TABLE 5 : FREQUENCY OF FLOODS AT NARAJ 


Flood size % of years of occurrence % of years in post- Remarks 
in pre-Hirakud Period Hirakud Period 
(1855-1959) (1980-1998) 


9 lakh cusecs Reduced 
10 lakh cusecs Reduced 
12 lakh cusecs Reduced 


Of the total catchment of 1,32,080 sq.km., Hirakud dam controls 80,000 sq.km on its upstream 
while 52,080 sq.km of its catchment is out of its control lying on the down stream. Major tributaries 
of Mahanadi e.g., Tel and others have to be controlled by creation of river valley projects. In the 
past, attempts were made to construct major dams at Tikkerpada and Manibhadra, but it was not 
possible on political grounds. Major dams are not possible these days on environmental grounds. 
However medium and minor dams could be constructed on many tributaries which would restrict 
water to reach the delta during heavy rain falls. With creation of such reservoirs in the catchment, 
floods in Mahanadi delta can be checked. The other method of reducing flood incidence is by 
effecting better drainage in the delta. The outfall areas of the channels have drainage congestions 
because of their meandering paths. River mouths of Mahanadi and Debi need to be dredged for 
easy drainage. The numerous drainage channels lying atong the axial zone of doabs have become 
sluggish due to sedimentation, weed formation and other human activities e.g. creation of artificial 
bunds etc. These need to be dredged and maintained. The outfall of these channels also need 
proper maintenance. In Puri district there is a continuous wide beach between Chilika lake and 
Konark. The ground leve! of these coastal sands is at a higher level than the inland flood plains, 
hence water is obstructed behind these coastal sands. Several drainage cuts are made through 
the beach sands to drain the doab water. Siaro cut, NuaNai cut and Mangala cut are created for 
this purpose. The Bhargabi river has taken a west ward turn north of Puri and runs for many 
kilometers to discharge into Chilika lake. Gabakunda cut is constructed at the westerly bend of 

- this river to relieve some of the flood waters directly into the sea through this cut. Many escapes 
have been provided in stage II delta for diverting excess flood water from the main river. This 
water is led through a channel or a valley and finally disposed off either to sea, lake or a river in 
the down stream reaches. The escapes are located at Mancheswar, Ramchandrapur, Jogi sahi, 
Achutpur, Kanti and Madhipur (as shown in Fig 2, Chapter 7). However, the escape channels 
have no continuous embankments on both sides upto their outfall which creates flood inundation 
ijn the protected areas of Puri Dist. It has been contemplated to control Kuakhai at its offtake and 
progressively close the escapes in the river embankments. It has also been proposed to raise 
and strengthen the river embankments to cater to an undivided flood of 34000 cumecs (12 lakh 
cusecs) and provide river training where ever necessary. In times to come, it is possible to check 
floods in Mahanadi delta to a great extent. 
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CHAPTER-IX 
DRAINAGE PROBLEMS IN MAHANADI DELTA 


N.K. MAHALIK 
Professor, Geology (Retd.), Utkal University, Bhubaneswar 


INTRODUCTION 


A major problem in the delta is drainage congestion and a good part of the delta remains illdrained, 
(Fig. 1, Das 1992 and Engineer-in-Chief, Irrigation 1986). This seriously affects agriculture. Inspite 
of excellent fertile soil and sufficiency of water the agricultural yield in the delta is one of the 
poorest in the country because of poor drainage condition . The deltaic topography, flat slope, 
fine grained soil, supply of water into the delta by rain and irrigation canals have all jointly 
contributed to the problem of ill drainage and waterlogging. For considering drainage problem, the 
delta is divided into eight natural segments each being a doab or part doab. Doab is the intervening 
land between two adjoining distributary rivers in the delta. Fig. 1 (Chap 7) shows the eight doabs. 
In the planning of flow irrigation in the delta certain higher levels (levees, beach and beach 
dunes) and areas 1.5m above mean sea [level adjoining the coast were excluded from irrigation 
command. Of the total area of 9000 sq. km. of the delta 5200 sq.km. constitute the gross 
command area (GCA) and 3030 sqkm from this constitute the culturable command area (CCA). 
On the basis of irrigation development the detta has been divided into two major regions, stage | 
delta and stage I! delta. The stage | detta includes doabs 1-4 where irrigation canals were 
constructed by the Brittishers during 1870s. Stage I! Delta includes doabs 5-8 where canal 
irrigation came much later with completion of Hirakud Dam and Mundali weir at Naraj towards the 
end of 1950s. 


EXTENT OF ILLDRAINAGE 

Data available indicates that nearly 1142 sqkm (37.7%) of the CCA is subjected to drainage 
problem in varying magnitude (Table 1). Of this about 14.7% of the area has been rendered unfit 
for cultivation, in 36.9% no kharif crops can be grown and in the rest 48.4% cropping is possible 
in kharif season but with reduced yield (Table 11). The depth of inundation is variable as much as 
up to 1.5m of water and duration of inundation also varies from 5-20 days in stage | delta and 5- 
30 days in stage II delta depending on river flood, magnitude of rain fall and outlet conditions. 
CAUSES OF DRAINAGE CONGESTION 

The causes of drainage congestion are inefficient and insufficient drainage systems to dispose 
off the water received into the delta either from natural precipitation or from canal irrigation due to 
adverse topographic and soil conditions. 

There is extensive rainfall in the delta during monsoon which pours in water into the delta. Water 
also comes from outside through Mahanadi and its tributaries and during heavy rains floods 
occur inundating the area. There are several irrigation canals in each doab which supplies water 
to the land surface. There is tida! inundation also of low lying coastal areas during storms and 
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cyclones. In deltaic terrain the groundwater often occurs at shallow depth close to the surface 
keeping the surface wet. 


All the water that is received is not disposed off as soon as it is received because of several 
factors. First the ground surface is uneven, second it has a very flat slope and third it is 
underlain by fine grained materials which are not permeable. 
TABLE 1 : ILLDRA!NED AREAS IN MAHANADI DELTA 

Doab GCA (Sqkm) CCA (Sqkm) Ill drained Area (Sqkm) 

I. 

॥ 

Hl 

IV 

Stage | Delta 

Vv 


Vi 
Vil 
Vill 


Stage |! Delta 
Total Delta 


Source : Engineer in Chief, irrigation (1986) 


Table 1 shows that of the total CCA of 3030 sqkm, 1142sqkm suffers from ill drainage 
which is about 37% of CCA. The productivity of ill drained areas is given in Table 2. 


TABLE 2:TYPE OF ILLDRAINED AREAS (Sqkm) 
Doab Unsuitable for Unsuitable in Suitable in Area can not Total 
cultivation Kharif season Kharif & Rabi be economically 
throughout the {Monsoon) seasons but retrieved 
year poor yield 
I. 29 81 95 I 10- 215 
ll 35 114 146 14 309 
It 1 12 13 1 27 
IV 4 10 16 2 32 
Vv 21 76 103 3 203 
Vi 14 42 54 2 32 
Vil 24 74 102 3 203 
Vit 4 12 24 1 41 
Total 132 421 553 36 1142 


Source : Engineer in Chief, Irrigation, 1986 


Uneven Ground : Inthe delta the rivers flow in ridges sloping down into adjoining valleys which 
are at a lower level. There is a lowlying axial region between two adjoining distributaries which 
constitute the back swamp region into which flood and other surface water collect and form water 
logged areas. Most often a drainage channel forms at the axial zone of the doab which carry the 
doab water down the slope outfalling into sea, lake or rivers. There are many such drainage 
channels in the delta which are being discussed in this chapter. The ground slope of the detta is 
very flat, 1: 5000 to 1 : 6000, about 0.02% and such a slope does not help quick disposal of 
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water. The drainage channels do not get adequate gradient for self cleaning velocity. They are not 
properly managed; they are silted up; variety of weeds and plants close the course of the channels, 
human intereference such as erecting bunds across for fishing and irrigation obstructs their 
movement and their outfall conditions are poor for quick disposal of water. 


Irrigation of Delta 


Of the total GCA of 2650 sqkm in stage | delta, 1671 sqkm of land is irrigated by Taladanda 
Canal, Machhgaon canal, Kendrapara canal, Pattamundei canal and High Level canal in Doabs 1 
to 4. (Fig -1, Chap 7). These were constructed during the Brittish Rule around 1870. After the 
construction of Hirakud dam and Mundali weir at Naraj, a further 1360 sqkm land is being irrigated 
out of a GCA of 2550 sqkm in stage I! detta. Irrigation facilities and agricultural practice are still 
managed unscientificatly which adds to illdrainage of the deltaic land. Excessive irrigation and 
seepage from canals give rise to illdrained areas. 


Escapes in Distributary Systems in Stage I! Delta : As a flood protection measure all the river 
systems of the delta have been embanked. While the rivers in Stage | delta have been continuously 
embanked, the rivers in stage I! delta e.g., Kuakhai, Kushbhadra, Bhargabi and: Daya have 
escapes at the head of their doabs through which a flood higher than 0.6 m cusecs (= 17000 
cumecs) at Naraj would allow water into their doabs. Thus low lying areas in the doabs remain 
waterlogged many offen. The escapes are located at (Chap 7, Fig 2) : 

Mancheswar on right bank of Kuakhai River 


Jogisahi on right bank of Kushbhadra River 
Ramchandrapur on left bank of Kushbhadra River 
Achyutpur on left bank of Bhargabi River 
Madhipur on left bank of Daya River 

Kanti on left bank of Daya River 


Outfall Conditions of Rivers : Due to a northerly littoral drift along the coast, formation of sand 
bars and spits do not allow rivers to directly enter into the sea and discharge their load. They are 
deflected north-ward and run parallel to the coast. Their discharge velocity are reduced and 
mouth areas remain waterlogged. Tidal incursion also help inundation in the lowlying areas of the 
coast. River Bhargabi could not get a chance to enter the sea in a straight course. It has to move 
a longer distance parallel to the coast in a westerly direction to outfall into Chilika lake. Because 
of its longer path the velocity of flow is reduced and most areas in its mouth remain water logged. 
An artificial channe! has been cut at Gabkund at its westerly bend to take the water directly to the 
sea through Nua Nai cut. 

High Stage of Chilika Lake : During monsoon the level of Chilika lake is about 1.5m above sea 
level. The waters of Bhargabi and Daya which outfall into Chilika are not easily emptied because 
of high stage of Chilika lake, hence large area in the mouth of rivers Bhargabi & Daya remain 
waterlogged. 

Coastal Sand Dunes and Beach Ridges : There is a continuous high beach between Chilika 
lake and Prachi river mouth which obstruct direct flow of deltaic water and create ill drained areas 
behind it. The one time "Sar Lake” and "Samanga lake* behind this sand duned country remain ill 
drained most often. This problem has been addressed by coustruction of two drainage cuts 
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draining Doabs VI & VIl. These are Nuanai and Mangala cut draining Sar and Samang lakes 
respectively. 
Natural Drainage Systems : There are several natural drainage channels in the delta. Each doab 
land is drained by a system of drainage channel with one main outfall drain. Some of the important 
drainage channels in different doabs are shown in Fig.2, Chap 7. These are : 
Doab 1. 1. Hansua-Badnala 

2. Burdha-Tigiria - outfalls into sea through Jatadhar Muhan 


3. Madhusudanpur-Gobari Channel! 
4. Singarpur-Nagpur-Alaka-Borwan 
Doab 2. 5. Gobari - outfalls into sea 
Doab 3. 6. Baghuni outfalls into river Chitrotpala 
Doab 4. 7. Chhotagenguti, Sagadia, Matagunjar & Kumaria all outfall into rivers 
Doab 5. 8. Prachi-Kadua outfall into sea 
Doab 6. 9. Dhanua, Nuagaon outfall into sea 
Doab 7. 10. Bhargabi-Ratnachira outfalls into Bhargabi river 
Doab 7. 11. Luna- Ratnachira outfalling into rivers 


Doab 8. 11. Gangua outfalling into Daya river. 


METHODS OF IMPROVING DRAINAGE 


Drainage of deltaic land is vital to agricultural productivity. Natural drainage is not efficient to 
dispose off précipitated and flood waters. Excess irrigation without proper drainage also adds to 
the problem of illdrained areas. Several artificial methods are adopted now or proposed to be 
adopted for proper drainage of the detta. 

The delta drainage suffers from the following deficiencies which needs to be attended to with 
outmost priority. 

1. There is inadequate field and link drains to guide excess water into the outfall and secondary 
drains. Hence field drains, collector drains and link drains are a must. 

2. Since most of the outfall drain have lost their grade due to siltation, it is necessary to 
provide the required grade and section to the existing outfall and secondary drains. The 
drains have to be maintained from weed growth and other man made constructions across 
the channels. (Rehabilitation of drainage channels) 


3. The outfalls of both rivers and the drainage channels have to be provided with outfall 
structures for safe discharge of water. 


4. Several cuts have already been constructed in Puri Dist to clear off drainage congestion in 
Doabs VI & Vll. These are the : 1) Siaro-Nuanai Cut to drain Doab VI, (2) Gabkund cut to 
help relieve drainage problem of Bhargabi river and 3). Mangala cut to drain off Samang 
Pata. 

5. Torelieve the escapes from flood problem in stage Il delta, a barrage is now being constructed 
on Kathjodi at Naraj to divert more water into Mahanadi branch such that less water reaches 
into stage II delta. 
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6. Tidal control structures are necessary to protect low lying coastal areas from saline water 
inundation. 
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CHAPTER - X 


GROUNDWATER RESOURCES AND ITS MANAGEMENT 
IN MAHANADI DELTA 


S. DAS 
Director (Retd.), Central Groundwater Board, Bhubaneswar 


INTRODUCTION 


Deltas, world over, by virtue of thick pile of unconsolidated sediments, are rich sources of ground 
water. However there is a quality problem close to the coast. This is also true with Mahanadi 
delta. Both surface and groundwater are affected by salinity in Mahanadi delta and a bett of 
about 10-15 km wide, close to the sea, is referred to as the saline tract. Much inland also 
groundwater is saline at different depths because of earlier transgressive seas. Thus locating 
fresh water from underground for human use is a challenging task in the Mahanadi deltaic terrain. 


Occurrence of groundwater in Mahanadi delta is a complex phenomenon related to complex 
process of sediment deposition under variable depositional environment which vary in space and 
time. There are subaerial fluvial deposition in river channels, in natural levees and in flood plains; 
there is deposition under estuarine to marine conditions as beach deposits, tidal deposits; there 
is also an aeolian condition of deposition. These depositional conditions have their impact on 
groundwater occurrences, quantity and quality. Change in depositional environment with time 
adds further complications to the nature of distribution of groundwater. As environmental situations 
overlap and coelesce, different groundwater situations overlap and coelesce at a particular location. 


The present chapter tries to assess the various complex situations of groundwater in Mahanadi 
delta and the problems met with in managing this useful resource. 


HYDROGEOLOGICAL SETTING 


Mahanadi delta presents a complex hydrogeological setting with a heterogeneous sedimentary 
pattern, depending upon highly varied depositional environments overlapping in time and space. 
The fluvial environments include flood plains, levees and channels, while fluviomarine environments 
include beaches, beach ridges, tidal flats, swamps, lagoons etc. Sand dunes mark the fluvio- 
aeolian and marine-aeolian environments. These have given rise to a complex sequence of 
sedimentary deposits varying from coarse to finer clastics, peaty and carbonaceous materials 
and calcareous sediments with rapid facies variations as observed in borehole logs. The delta 
was built up with the accumulation of a vast thickness of sediments exceeding 600m near the 
coast, but dwindling out towards the inland areas. The Archaean basement rocks like granite 
gneisses, charnockites, khondalites and quartzites, have been encountered at varied depths in 
boreholes, e.g. 20m at Jagadalpur, 95m at Delang, 280m at Sakhigopal, 335m at Siruli, 448m at 
Gorual, 556m at Jagannath Ballav, 473 at Arilo etc. The basement was not encountered within 
600m depth at Puri, Gop and Konark, which represents a basement depression. 


The sediments range in age from Tertiary to Recent with the boundary between Tertiary and 
Quaternary representing an unconformity alithough not always clearly discernible. The borehole 
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records show two distinct lithological units, - a predominantly yellowish sand-clay-gravel sequence 
and an underlying alternating sequence of grey sand, clay, gravel often calcareous, fossiliferous, 
also greenish sand and limestones showing distinct resemblance to Baripada beds. Tertiaries (?) 
are believed to have been encountered in the bore holes at 60-80m depth in the inland areas and 
200-300m depth near the coast. The sediments have a general dip towards the coast. The sediment 
sequence very much resemble those of north Orissa coastaltract which have been well described 
by Bhatnagar et al (1970). 


The well sorted, coarse sand and gravel layers form the repository of groundwater in the area. 
The sand layers are quartzo-feldspathic, angular to subangular, subrounded to rounded with the 
finer sediments predominating towards the coast and in the deeper Tertiary zones. Derived from 
the crystalline basement in the west and deposited under continental conditions in oxidising 
environment, the top yellowish and browinsh sediments are highly heterogeneous, both in 
composition and in texture, and contain laterite grains. The dark grey sediments are uniform, 
better rounded, devoid of laterites, with the quartz grains typically colourless to bluish and fresh. 
Rounded elliptical iron oolites found at depths beyond 125m bg! (below ground level) at 
Sadanandpur, Bhagabanpur, and Puri (Mahalik et al 1998), occasional glaucontitic sands, broken 
molluscan shells and foraminiferal horizons (Ammonia-Rotalia zone and Nonion-Florius zone) in 
deeper gray sediments (Mahalik 1995) - all these point to a shallow marine condition of deposition. 


Study of the borehole logs have brought out the heterogeneity in composition, texture and 
distribution of sediments which have largely influenced hydrogeological characters of aquifers in 
the detta (Chakladar 1981). Along Siruli-Gorual and Jagannathballav-Puri sections in Puri District 
occur alternate zones of sand and clay of varying thickness with the percentage of coarser 
clastics ranging from 88% to 42% within the explored depth of 600m. This feature more or less 
continues northwards with the percentage of coarser clastics varying from 42% to 77% in Kusupur- 
Konark, Arilo-Machgaon, Manijanga-Ersama and Barsalar-Masakani sections. At Konark 
argillaceous sediments prevail below a depth of 350m, while gravels are dominant in the uppermost 
parts of Manijanaga-Ersama sections. Fossiliferous grey clay horizons, pebble beds, bluish clay 
Zones encountered at different depths in different boreholes, and fine green sand in the bottom 
section of Barsalar-Garjanga tract add to the lithological complexity reflecting changing depositional 
conditions in the basin in the geological past. Paleohydrology played a vital role in saline water 
fresh water distribution in the coastal aquifers. Repeated marine transgressions charged the 
sediments with saltwater far inland in the delta, subsequently flushed out during the low stand of 
the sea, but having pockets of entrapped sea water. As aquifers are open to the sea, sea water 
ingress occurs depending upon how piezometic head of the fresh water at the outlet balances the 
weight of the sea water column. As the fresh water flow dwindles during the summer or in drought 
periods, salt water wedge moves further inland. 


GROUNDWATER OCCURRENCE 

The groundwater occurrence and movement in the delta are controlled by the nature, distribution 
and thickness of sediments, bedrock profile and are constrained by salinity hazards. The well 
sorted coarse sand and gravel layers form the potential aquifers in the area. The individual 
aquifer layers are 1.5 to more than 40m in thickness, and intertonguing in nature. The sand and 
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gravel layers, though regionally extensive, are often in the form of lenses or laterally interconnected 
and repetitive, forming multiaquifer system. The thickness of clay layers increases towards the 
coast. The aquifers open up in the inland areas. Ground water occurs under unconfined to 
semiconfined conditions down to a depth of 130m because of impersistence of clay layers, but 
the deeper aquifers occur under truly confined conditions, with thick clay layers acting as confining 
stratum and the piezometric heads lying at 0.22- 9.97 m bgt (below ground level}. The ground 
water potentiality and quality in this deltatic tract vary according to lithostratigraphy, topography 
and environment of sediment deposition. Abandoned river channels, sand dunes, and ancient 
flood plains hold potential reserve of fresh water. 


To study the occurrence and movement of groundwater, the area was covered by systematic 
hydrogeological! survey. Based on the data of well inventory and periodical groundwater monitoring 
the configuration and fluctuation of water table have been delineated. The height of the water 
table ranges from 14m above mean sea level in the west to less than 1m near the coast with a 
general gradient towards the sea. The water table gradient is steeper in the inland recharge areas 
and flattens out near the coast. The rivers and distributaries are generally effluent. The depth to 
water table varies from O-2m bgl in post-monsoon period to 2-4m bg! in pre-monsoon period 
(Fig 1). In the canal command of delta, waterlogging condition (i.e. water level < 2m depth) 
exists. Waterlogging is mainly due to the flat topography, uncontrolled release of canal water, 
canal seepage, return flow of irrigation and poor drainage leading to excessive recharge and rise 
of water table. The situation is further aggravated by limited use of groundwater. 


Ina wide tract from north to south lying in the lower dettaic plain, autoflow conditions are met with 
locally in the tubewells tapping deeper aquifers occurring under tremendous artesian condition 
due to thick confining clay, with pressure heads rising above ground level. This is observed at 
Sansarpal, Garjanga, Ersama and Gopalpur etc. in the north east. These tubewells tap aquifers 
inthe depth range of 120-360 bgl. Similarly at Tampala in Gop block free flowing condition occurs 
in tubewells tapping aquifers within 105m depth with the piezometric head upto 5.0m above 
ground level (agl). At Sakhigopal and Birgovindpur in Puri district and in areas adjoining the 
Chilika lake in Brahmagiri and Krushnaprasad blocks aquifers in the depth range of 150-270m bg! 
are autoflowing and yield brackish warm water. 


DISTRIBUTION OF FRESH AND SALINE GROUNDWATER IN MAHANADI DELTA 


The quality of groundwater is not uniform in the entire delta. It is fresh in some regions, saline in 
others and saline and fresh alternating inthe multi layered aquifer systems in large areas. Salinity 
is a natural attribute because of the marine influence on the aquifer materials. In Mahanadi delta 
sediments were deposited under fluvial and marine environments in a complex way both in space 
and in time. There is sea water intrusion into the river systems, sea water wedge into the aquiters 
and multiple marine transgression and regression have affected sediments (and aquifers) in a 
complex way. Hence complexity in groundwater quality distribution is a natural outcome of the 
depositional history in deltaic terrain. Inhomogeneity of aquifers has led to nonuniform penetration 
of saline water wedge. A review is made here to know the quality changes in the delta from north 
eastern part to south western part. 
(1) Birupa-Brahmani Sector (North East Delta): Groundwater survey in Indupur-Pattamundei- 
Rajnagar Sector is indicative of the groundwater quality in this sector. At Indupur and 
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Fig. 1. Depth to water table in Mahanadi Delta 


Pattamundei on the southern bank of river Brahmani there is 10-20m of fresh water at the 
top underlain by saline aquifers till 120m depth. Fresh water aquifers lie at deeper depths 
below the saline aquifers. Further eastward nearer the coast, around Rajanagar, the top 
aquifer is all saline till 300m depth below which fresh water aquifers exist. 

(2) Mahanadi North in central delta: The condition is represented by groundwater quality 
observed at Barsalar, Kendrapara and Garjanga lying close to Nuna river. At Barsalar thick 
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fresh aquifers lie at top follov/ed by saline zone and further alternating with fresh and saline 
Zones at depth. Further east at Kendrapara, the fresh top aquifers dwindle underlain by 
saline aquifers and then fresh aquifers beneath 150m depth. At Garjanga south east of 
Barsalar the top fresh water is replaced by saline water. Towards the coast the top fresh 
water zone is not seen and replaced by thick saline aquifers. Below the saline aquifers 
occur fresh water aquifers at depths of around 300m. 


Mahanadi South in central delta: The condition is represented by groundwater situation 
around Khandatari (10 km west of Tirtol), Manijanga, Ersama, Kujanga and Paradip. At 
Khandatari, 10 km west of Tirtol the aquifers upto 184m are fresh. At Manijanga, Ersama 
and Kujanga fresh aquifers are not available at the top. In Kunjang fresh water occurs 
below 100m, at Manijanga and Erasama tt is found at depths of 73m and 137m respectively. 
At Paradipgarh aquifers are saline except in the depth range of 266-290m where it is brackish. 


Debi river East in south eastern delta: In this sector, in Arilo, Balikuda and Machhgaon 
fresh water occurs at the top till 70-90m depth followed by saline zone. This situation 
continues to the western side of Debi river. 


Debi river West in south eastern delta: The top 80-100m zone is fresh followed by saline 
water down to 300m depth. This situation is observed around Nimapara, Kusupur, Kakatpur 
area. 


Bhargabi-Daya sector in South west delta: Around Pippli and Delang water is fresh till bed 
rock depths of 95-125m. Further south at Tolapada fresh water occurs till 80m followed 
underneath by saline aquifers. However at Sadanandapur-Sakhigopal and Chandanpur area 
this top fresh water aquifer is not available. The near surface aquifers are saline, but a deep 
fresh water aquifer is available beneath the saline zone. The chemical quality of this sector 
is shown in Fig.2 & 3 based on the work of Danida drinking water project (Mahalik, 1995). 


Adjoining Chilika lake: The aquifers are generally saline to brackish at all depths down to 
bed rock as observed in Siruli, Gorual, Kanas and Brahmagiri area. Chilika area show auto 
flow of brackish warm water. 


Sandy coastal tract between Puri and Konark: At Puri shallow fresh water aquifers occur 
down to 40m depth within the coastal dune and beach sands below which aquifers are 
saline upto 135m depth. A group of fresh aquifers occur from 135m to 290m depth alternating 
with saline zones. Saline to brackish water aquifers are observed in depth ranges of 290 to 
600m. At Konark, the top 30m is fresh water underlain by saline aquifers. 


Based on the above appraisal an approximate hydrogeochemical map (quality) of the detta is 
prepared (Fig.4) which shows areas of freshwater, fresh water above saline aquifers, saline water 
above fresh water and saline water aquifers in the delta. This is only an average picture for the 
delta which may vary from point to point in their exact details. A fence diagram prepared for the 
area gives vertical distribution of fresh and saline aquifers (Fig. 5). 


DANIDA Drinking Water Project 


Danida drinking water project extensively investigated the occurrence and distribution of shallow 
aquifers (0-50m depth) through resistivity surveys followed by limited exploratory drilling in the 
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Fig. 2. Sub surface Distribution of Groundwater Quality in South western Mahanadi Delta (Afler Mahalik, 1995) 
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Locality index: 1. Indupur, 2. Pattamundei, 3. Rajnagar, 4. Barsalar, 5. Kendrapara, 6. Garjanga, 7. Khandatarni, 
8. Tirtol, 9. Manijanga, 10. Erasama, 11. Kujanga, 12. Paradip, 13. Jagatsinghpur, 14. Arilo, 15. Balikuda, 
16. Machhagan, 17. Kakatpur, 18. Jiunti, 19. Astaranga, 20. Nimapara, 21. Gop, 22. Konark, 23. Pipili, 
24. Delanga, 25. Tolapada, 26. Sadanandapur, 27. Sakhigopal, 28. Chandanpur, 29. Puri, 30. Siruli, 
31. Gorual, 32. Brahmagiri 
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Fig. 5. Fence Diagram of Groundwater Quality 


problematic coastal tract beset with salinity hazards. The shallow aquifers are generally coarse 
granular sediments, though sometimes clayey in nature, and are tappable through shallow drinking 
water tubewells. 
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investigations, by DANIDA and various other agencies show that the shallow fresh water aquifers 
occur in parts of Nimapara, Kakatpur, Gop and Astaranga (W) blocks. In Delang (NE) and Pipli 
(N) blocks shallow fresh water aquifers are well distributed, but in Delang (SE), Satyabadi, Puri 
Sadar, Gop (SW) blocks shallow fresh water zones, even the near surface dugwell zones are not 
continuous throughout the block. Shallow freshwater aquifers occur around Puri town in an area 
of 3-4km width. The central parts of Satyabadi block (NE, E & SE of Sakhigopal) are occupied by 
saline waters. The aquifer thickness varies from 5-40m in the central part of Delang block to 30- 
40m around Puri in the south. 

In major parts of Kanas-Brahmagiri blocks saline waters occupy top 50m zone. However shallow 
fresh water aquifers are found to occur in the northern and north western parts of Kanas block 
(10-46m thickness) and in southern part of Brahmagiri block along the coast (5-16m thickness). 
In Gop-Konark section shallow fresh water aquifers occur having a thickness of 7-45m, but inthe 
central parts of Gop-Konark profile saline water zone occurs from surface to 50m depth or beyond. 
Shallow ground water in Kendrapara-Paradeep section is generally saline and brackish except in 
patches e.g., north and north west of Kendrapara, sporadically in Mahakalapara block to the 
north of the Mahanadi, and in parts of Kujang block. 


AQUIFER CHARACTERISTICS 

The size and shape of the ground water reservoirs and their capacity to store and transmit ground 
water determine the ground water potential of the area. Each morphostratigraphic unit in the 
dettaic tract has a distinct hydrogeological entity. Ancient flood plains, abandoned river channels 
and sand dunes form rich repository of groundwater. Yield potential wise the delta has been 
subdivided into three zones (Fig. 6) : 

Low yield zone - Marginal alluvial areas (including upper deltaic plains). Aquifers are thin to 
moderately thick, unconfined/confined down to 150m depth. Bed rock is encountered. Yield is 
less than 15 Ips. 

Moderate yield zone-lt occurs in the upper and lower dettaic plains, coastal alluvium and Tertiary 
sediments. The aquifers are moderately thick, regionally extensive, unconfined/confined and 
down to 300m depth. Yield is 15 to 40 Ips. 

High yield zone - It occurs in coastal plains, in coastal alluvium and Tertiary sediments. Aquifers 
are thick and regionally extensive, unconfined / confined down to 300 m depth. They yield 40-75 
lps. 

Districtwise the yield potentials of aquifers are summarised in Table 1. 


TABLE 1: SUMMARISEDYIELD POTENTIALS OF DEEPER AQUIFERS 


Districts Depth Aquiter Yield Drawdown Static T 
(undivided) range (m) thickness (m¥hr) (m) water (m°/day) 
tapped (m) level“ (m) 
Cuttack 70-365 15-65 174-276 3.5-22.3 0.92-5.80 bg! 151-8255 

Puri 70-291 10-39 107-272 3.1-19.4 0.05-9.97 bgl 106-8198 


bgl (below ground level) 
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Fig. 6. Yield of Groundwater in Mahanadi Delta 


Based on pumping tests of exploratory wells drilled by Central Ground Water Board (CG WB), the 
hydraulic parameters have been studied (Table-2). The aquifer parameters like K and S values 
depend upon composition, grain size and sorting of sediments as also presence or absence of 
hydraulic boundaries. These values vary widely depending upon the facies variations, depositional 
environments, geomorphological setting and recharge source etc. Quaternary sediments are 
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generally coarse grained, moderately to well sorted and extensive, deposited under fiuviatile 
conditions (flood plains and abandoned river channels) by the ancient drainage channels of 
Mahanadi. These sediments have generally higher yield potentials and related parameters than 
the Tertiaries having prevalence of finer sediments, often loosely cemented or semiconsolidated, 
deposited under estuarine or marine conditions and occurring in the deeper parts of the basin, as 
in Jagatsinghpur-Kendrapara districts. The well sorted and highly permeable coastal sand dunes 
around Puri, also form high yielding aquifers. 


TABLE 2 : SUMMARISED AQUIFER CHARACTERISTICS 


Formation Aquifer Depth Yield Drawdown YF K (m/day) 
thickness range range {m) {lpm m) 
(m) (m) (Ips) 
Quaterary 22-55 40-142 939-75 3.93-13.07 Max 42.68 - Max 4x10 
alluvium Min 5.16 Min-5.4x1 0-6 
Avg.22 


Tertiary 22-65 ୬228-365 13-69 6.5-14 Max 11.09 Max 58 Max-3.6x10-4 
sediments Min 2.5 Min 5 Min-8.4x10°5 
Avg.5.8 Avg.26 


YF-Yield factor K-Hydraulic conductivity S- Storage coefficient 


The aquifer parameters of Tertiary aquifers resemble those of Baripada beds in Mayurbhanj 
district (Das et al 1997) 


investigation by Danida has brought to light the high yield potentials of shallow aquifers (within 
50m depths) in Delang-Puri section. In Delang and Puri sadar blocks T values ranged from 32- 
4400m®/day. In Satyabadi block T values are moderate in the range of 14-170m®/day because of 
poor grain size, admixture of clay, saline zones and restricted recharge. 


Cone of Influence 

To know the cone of influence and compute the safe spacing of wells, distance-drawdown 
relationship for varying discharges of wells with pumping duration of 12hrs/day has been studied 
on several test wells using Theis non-equilibrium equation. The study shows that the safe spacing 
of wells 300m deep, tapping 30-40m of aquifer thickness and yielding 30-40 lps is on average, 3 
kms. (Das et al 1997). 


GROUND WATER QUALITY AND POLLUTION 


Based on chemical analysis of water samples collected from dug wells and exploratory tubewells 
inthe area the quality of groundwater has been assessed. Groundwater quality in the area varies 
widely. It changes from a genera! calcium bicarbonate type in the inland areas near the delta 
head to sodium chloride type in the coastal tract. The recharge source, sedimentary environment, 
lithology, residence time of groundwater in the aquifers, interaction of recharge water with aquifer 
material, cation exchange process in clays, sea water contamination and sulphate reducing 
bacteria, temperature and pressure modify the groundwater quality. The complex depositional, 
dissolution, and chemical processes result in different hydrogeochemical conditions in the 
groundwater. The chemical composition of groundwater undergoes radical changes influenced by 
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the new mineralogically controlled thermodynamic equilibrium. The major water types are Ca-Mg- 
HCO,, Na-HCO,, Na-mixed anions, Ca-mixed anions, Na-Cl and mixed cations-anions. The 
occurrence of Na-HCO3 water in the coastal tract is the combined effect of cation exchange and 
calcite dissolution in a sequence of strata having significant quantities of calcite, clay and 
exchangeable Na+. The geochemical evolution pattern of groundwater is observed as 


freshwater saline water 
HCO,+SO, or SO, or SO, + HCO, or SO, + CL waters are not available because of sulphate 
reduction by sulfate reducing bacteria. 


The general range of chemical constituents in the shallow and deeper aquifers is given in the 
Table 3 below. The irrigation classes of groundwater are shown in Fig. 7. 


cq 


CUTTACK 


Fig. 7. Piper Diagrams and USSL Diagrams showing chemical type and Irrigation class of groundwater 
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TABLE 3 : GENERAL RANGE OF CHEMICAL CONSTITUENTS IN GROUNDWATER 


Cuttack District Puri District 
(undivided) (undivided) 
Shallow Shallow Deep 


7.13-8.23 7.1-8.4 6.42-8.24 7.3-8.6 


Chemical Parameters 
lonic Concentration in mg/l 


pH 


E.C(mS/cm at 25°C) 74-14406 133-3292 134-4338 542-2062 
HCO, 18-433 92-390 18-525 125-478 
Cl 7.1-4538 7.1 - 922 7.1-932 60-447 

NO, 0.4-345 Nil-119 

F 0.8-6.9 0.07-7.5 

TH (as CaCo,) 30-215 25-535 

Ca 6.0-3.93 6.0-144 

Mg 2.4-359 2.4-7.3 

Na 1.0-2300 6.9-403 


K 0.8-174 1.2-458 


Pource : Das & Mehta, 1996. 


The groundwater generally deteriorates in quality towards the sea by gradual increase in the 
values of specific conductance, chloride and hardness. 


The groundwater from the shallow aquifers is slightly alkaline and its quality is highly variable 
from Ca-HCO, type of water to Na-Cl type of water, the other facies met with are Na-HCO,, Ca- 
Mg-HCO, and mixed types. Though Na-Cl type of water is rare, quite a number of samples 
belonging to Na-Cl! type are seen in Puri and Khurda districts owing to the proximity of the sea. 
There are wide variations in Ca and Mg content due to base exchange reactions. Total hardness 
as CaCO, is generally below 100 mg/l, HCO, below 200 mg/i, Na below 100 mg/l, C! below 100 
mg/l. Sulphate is generally below 50 mg/!, except in localised pockets, which is not uncommon 
in coastal areas. In a linear belt Kujanga-Paradeepgarh -Mahakalapara Rajnagar-Bhitarkanika 
about 25 km wide and adjoining the coast, sulphate values range from 198 to 688 mg/l. Nitrate 
and fluoride contents are mostly within permissible limits, except locally rendering the water 
unsuitable for drinking. Silica is within 20 mg/l. Boron content of groundwater is within 0.5 mg/l. 


In Puri and Khurda districts the shallow groundwater is generally of C, S, and C,S, classes, but 
C,S,, C,S, and C,S, classes are also seen, which may be used for irrigation after applying water 
management practices and selection of tolerant crops. In Cuttack, Jagatsinghpur, Kendrapara 
districts the most dominant class of water is C,S,, Whereas C,S and C,S, classes are also 
available in few cases. SAR values range from 0.16 to 6.58. Only in a few cases % Na exceeds 


50%. RSC is generally within permissible limit. The groundwater is generally suitable for all uses. 


High salinity hazard exists in Gorval-Jagannathballav-Siruli-Brahmagiri areas. In contrast extremely 
good water is found on coastal sand dunes (EC : 120-580 ms/cm, Cl : 18-37mg/|, TH : 15-165mg/1). 


The quality of groundwater in deeper aquifers also varies from fresh to extremely saline. 
Groundwater is slightly alkaline in nature. The types of water encountered are Na-CI, Na-HCO,, 
mixed cation-Carbonate and mixed types. The hydrochemical quality does not follow a fixed 
trend. There are wide variations in the concentration of mineral content both laterally and vertically. 
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Fresh sodium bicarbonate water is tapped in the deeper zones near the sea coast, while much 
interior to the coast line saline water occurs both in the upper and deeper zones (Table - 4) 


TABLE 4 : DEPTHWISE VARIATION IN CHEMICAL QUALITY IN MAHANADI DELTA 


Depth range (m bgl) Cl! (mg/l) T.H. (mg/l) Chemical Type 


Arilo 150-166 Na-CL 
315-326 


Na-ClI 
Barasalar 54-60 Na-CI-HCO, 
122-131 Na-HCO, 
325-336 Na-Cl! 


Garjanga 65-78 


Na-C! 


94-111 Ca-Mg-CI-HCO, 
182-192 Ca-Mg-CI-HCO, 
346-360 Na-HCO, 


Source : Adyalkar et al, 1983. 


The hydrochemical profile along Delang-Puri tract (Fig 3) also brings out similar features (DANIDA, 
1993) 

The minimum chloride concentration observed in deeper aquifers is 64 mg/l at depth of 80-86m at 
Machhgaon and the maximum of 17573 mg/l at depth of 315-326m at Arilo. Sodium and chloride 
are dominant cations and anions, and constitute more than 80% of total solids in saline water. 
However the saline water composition is not identical to sea water probably due to base exchange 
during its passage through aquifer materials of the coastal sediments. There is a linear relation 
between bromide and chloride content of saline groundwater samples from test wells, which 
agrees well with the sea water diluted to chloride content of test well water samples. The bromide 
content of groundwater is nearly the same as diluted sea water, thereby indicating closeness of 
saline groundwater in coastal aquifers to sea water (Adyalkar et al 1983). The groundwater of 
deeper aquifers falls in Scoffeild's class | and II types and is generally suitable for all uses. 


Effects of Pumping on Quality 

Continued pumping may change chemical environment in the formations by mixing of 
different waters. In general, limited variations of quality in time are observed during the course of 
pumping. However during aquifer performance tests the chloride content was found to increase 
to the tune of 55 mg/l in Machhgaon exploratory well and 88 mg/l in Puri exploratory well after 24 
and 73 hours of pumping respectively calling for restriction on pumping hours and rate of withdrawal. 


SOME CHARACTERISTIC FEATURES OF COASTAL GROUND WATER IN MAHANADI DELTA. 


Salinity - Saline waters and fresh waters are precisely defined in terms of electrical conductance 
( ms/cm at 25°C) as : 0-1600 fresh, 1600-5000 brackish, 5000-15000 moderately saline, 15000- 
50000 very saline, >50000 brine. All saline waters in coastal tract are of NaCl type. High 
concentration of chloride gives undesirable taste to water (threshold value as Na, K, Ca chloride 
- 200 to 300 ppm) and may create problem to persons suffering from hypertension, if present as 
NaCl. Faulty well construction-may also result in leakage of saline water and contamination of 


fresh water aquifers. 
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High iron : Groundwater in shallow aquifers in coasta! areas are found to contain high iron. Iron 
occurs in groundwater in ferrous state, which in contact with air is converted to Fe“? and get 
precipitated as hydrated oxides. A few of the high values of Fe encountered in the area are 
mentioned below. 

Puri district Tota! Fe ({ mg/1) Fe*? (mg/1) 


Baliapada 
Jagannath Ballav 


Ullarsadapada 
Sandharasasan 


Dhamakera 


The high iron in groundwater is due to the presence of organic matter in deltaic sediments 
creating reducing environment. The presence of iron reducing bacteria is also reported in the 
area. The ferrous iron content of groundwater has not been found constant in well waters due to 
inhomogenity of aquifer materials so that the finer pores retain the water for longer time and get 
enriched in iron content to be released in spurts during pumping. High iron renders the water 
unsuitable from aesthetic point of view. It has also been linked with Haemetochromatosis. 
High fluoride : The fluoride content is generally less than 1.0 mg/l, but high fluoride content 
(>1.5mg/I) has also been observed in shallow groundwater in scattered locations. Some cases 
are cited below. 
Puri district Cuttack district 
Raghunathpur 
Balituha 


Bari 
Karadbandh 


Excess fluoride consumption may lead to dental fluorosis or skeletal deformities. 


Fertiliser and pesticide related constituents : In the canal command of delta high content of 
fertiliser or pesticides related chemicals like NO,, PO,, SO ; and K, have been detected in the 
shallow groundwater at scattered localities which are derived from the leachate of fertilizer or 
pesticides applied with high yield varieties of crops (Table - 5). The various types of fertilisers 
used in the area include urea, ammonium sulphate, ammonium nitrate, super phosphate of lime, 
potassium sulphate, potassium chloride etc. 

The high values of NO, may also be derived from the industrial wastes, sewage, animal wastes, 
agricultural wastes. High nitrate is a hazardous pollutant in drinking water. It has cardiac vascular 
effects at high doses, and methamoglobnaenmia at lower doses in case of infants. High sulphate 
causes diarrhoea and dehydration which is enhanced in presence of high magnesium. 

H,S Smell : The occurrence of H,S smell in some tubewell waters, and the formation of black 
iron sulphide deposits is-the result of reduction of sulphate by sulphate reducing bacteria as 
confirmed by microbiological studies (DANIDA 19983). 
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TABLE - 5 FERTILIZER RELATED PARAMETERS IN SOME SAMPLES OF SHALLOW 
AQUIFERS INTHE AREA 


{lonic concentration in mg/l) 
Location 


Bhadis 444 140 1.5 390 Delhiapura 
Nuagan 600 183 6.3 507 Jogeshwarpur 
Bainal 638 123 1.7 439 Haldia 
Huasanpur 269 40 6.3 160 Kusubenti 
Kanasamar 24 1 3 Adhaincha 
Kurdapur 104 55 0.1 Badagualipara 
Chasri 384 170 3 Kasurda 
Alipur 509 280 8.5 Balakati 
Tarakar 192 125 16 Pipli 
Budiabar 106 73 9.6 Koradpura 
Kentakudi 120 260 0 Jatni 

Alguon 96 5 12 Konark 

Suka! 240 2 5.5 Sakhigopal 
Narakhandi 48 4 2.6 


Incrustation and corrosion : Incrustation of well materials reduces well screen openings. It is 
a common feature in coastal areas of Mahanadi delta, because of rise in redox potentials during 
pumping, loss of CO,, presence of micro-organism, presence of H,S and deposition of Mn 
compounds. Low pH, dissolved CO,, H,S, high salinity increases corrosive power of ground 
water in the coastal areas, the ratio of Log ClI/CO, exceeding 3.5 renders the water corrosive. 


GROUNDWATER RESOURCES 


Precipitation forms the principal source of groundwater recharge, apart from canal seepage, 
return flow from irrigation and seepage from surface reservoirs. The annual utilisable ground 
water resources in the Mahanadi delta i.e. yearly renewable recharge has been computed by the 
State Level Study Group (1994) on "Estimation of Groundwater Resources and Irmigation Potential 
from Groundwater" as presented in Table 6 


TABLE - 6 GROUND WATER RESOURCES IN UNCONFINED ZONE 


District Annual Provision Provision Annual net Balance* Stage of* 
utilisable for for *draft as resource development 
resource drinking irrigation on 3/92 HaM (%) as on 

HaM industries HaM HaM 3/92 


etc. HaM 


Cuttack 35272 
Jagatsinghpur 58258 8739 49519 5099 44420 10.30 
Kendrapara 5507 826 4681 1168 3514 24.94 
Khurda 50066 
Puri 47336 


As per latest published figures, computed blockwise. 
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The computation of groundwater resources of the deeper confined zone has also been 
attempted. The annual groundwater outflow through these aquifers has been computed by the 
State Leve! Study Group (1994) following Darcy's law (Q=PIA) (Table - 7) 


TABLE 7: GROUNDWATER RESOURCES OF THE CONFINED ZONE 


Total Provision Provision Annual Balance Stage of 
Ground for for gross draft* resource development* 
water drinking, irrigation (HaM/yr.) (HaM/yr) (%) 


resource industries 
HaM/yr HaM/yr 


924.18 138.63 
1617.31 242.86 


HaM/yr 


785.55 
1374.45 


635.55 
574.45 


19.09 
58.20 


150 
800 


156.03 23.40 132.63 132.63 


As on March, 1992. 


GROUNDWATER DEVELOPMENT 


The groundwater development in the area is through dugwells, shallow and deep tubewells, as 
also hand pump fitted PHD tubewells catering to irrigation, water supply and industrial needs. The 
feasibility of structures is decided by the availability of adequate aquifer thickness, depth to bed 
rock and occurrence of saline zones. The irrigation sector is the largest consumer of groundwater. 
The census of minor irrigation structures has since been completed as on 1994 and is given in 
Table 8 below. 


TABLE 8 : GROUNDWATER STRUCTURES FOR IRRIGATION 


District Dugwells Shallow Deep Irrigation potentials created (Ha) 
tubewells tubewells Shallow 
(Nos.)} (Nos.) (Nos.) Dugwell tubewell Deep tubewell 


Cuttack ** 10997 12826 
Jagatsinghpur* 792 6454 


Kendrapara * 289 2293 

Puri ** 1022 1816 

Khurda ** 13569 9791 

Source : Census of Minor Irrigation, 1994 

* Entire district considered** Only blocks falling in the delta considered. 
The computation of balance groundwater resources as given in Table-6 are likely to undergo 
marginal changes, considering the slow pace of growth of groundwater structures. The utilisation 
of created irrigation potentials varies in different districts from 31% to 62% due to inadequate 
power supply, mechanical failures and other reasons (Source : Minor Irrigation Census 1994). 
Beneficiaries mostly belong to small and marginal farmers for dug wells, small and medium 
farmers (2-10Ha) for shallow tubewells, and big farmers for deep tubewells. The average gross 
command area and yearly draft of existing structures are : Dugwell with tenda -0.64 Ha/0.33 
Ham; Dugwell with pump-2 Ha/1 Ham; filter point-5 Ha/3 Ham; Shallow tubewells-16 Ha/10 Ham; 
Medium deep tubewells-24 Ha/15 Ham. 
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The stage of groundwater development is maximum in Jagatsinghpur and Kendrapara districts - 
10 to 25% for the phreatic zone and 19-58% for the confined zone. The groundwater draft for 
drinking water is nominal (Table- 6). Although the bulk of groundwater exploitation is for irrigation, 
there is a large balance of ground water yet to be utilised. 


GROUND WATER MANAGEMENT 


The hydrogeological complexity of the Mahanadi delta calls for invoking scientific groundwater 
management principles. The foremost principle of groundwater management is to restrict ground 
water development within annually reptenishable recharge so as to ensure a fresh water gradient 
towards the sea. Otherwise unplanned groundwater development in the coastal tract may offset 
hydrochemical balance in the coastal aquifers and eventually lead to groundwater mining, sea 
water intrusion, salinisation of fresh water aquifers and in extreme cases land subsidence. Once 
the saline water intrusion sets in due to over development, it is a difficult task to reverse the 
trend. Limiting water use, artificial recharge, construction of hydraulic barriers, creation of pumping 
troughs, construction of cut off walls are but costly and time consuming exercises to rectify the 
situation. 


The studies carried out so far have been mostly confined to regional surveys and exploration. For 
scientific planning of large scale groundwater exploitation it is essential to conduct intensive 
microlevel surveys and exploration aided by scanning of satellite data and geophysical studies 
to gain area specific or site specific knowledge of aquifer disposition, yield potential as also 
saline-fresh water relationship. 


As the major parts of delta are covered by surface irrigation, groundwater exploitation is at low 
key. But excessive recharge from surface water irrigation and canal seepage has caused alarming 
rise of water table and waterlogging. While stepping up groundwater exploitation is a sure way to 
effect vertical drainage, major parts of the delta stage | are beset with salinity hazards. This 
underlines the importance of combined hydrogec!ogical and hydrological studies in the delta to 
explore the scope of conjunctive use under prevailing hydrogeological environment. The 
conjunctive use will help in expansion of irrigation potentials, in introducing multiple cropping, in 
supplementing surface water irrigation in times of moisture stress. 


To avoid well interference, norms of safe distance should be strictly adhered to, the observed rise 
in chloride content of tubewell waters of prolonged pumping in the coastal tract, though sporadic, 
calls for restriction on duration and rate of pumping. 

Scientific well designing is another important aspect of groundwater management. Cement sealing 
of saline aquifers should be always resorted to in the construction of production wells in the 
coastal tract to avoid contamination of fresh water aquifers tapped in the well. The gravel size 
and screen size should be decided based on size analysis of the aquifer materials. Wrong 
identification of saline and fresh water zones, fautty well design and construction lead to salinisation 
of wells and contamination of fresh water aquifers. Electrical logging is an indispensable tool for 
tubewell designing in such areas. 

In view of high iron hazard in drinking water wells, cost effective iron removal techniques should 
be adopted and popularized. High nitrate, phosphate, sulphate, potassium contents in ground 
water of Delta irrigation stage | and ll call for restricted use of fertiliser and pesticides, and good 
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water management practices to avoid future quality hazards of groundwater in the area. Further 
the groundwater with high fluoride content , though occurring sporadically, also needs defluoridation 
treatment (Nalgunda technique) before use. Use of corrosion proof pipes will also help in arresting 
corrosion of well assembly in the coastal environment. 


So far development has been restricted to fresh groundwater resources. The demand for 
assessment and utilisation of brackish water for prawn cuttivation and salt manufacture is growing. 
The estimation of exploitable brackish groundwater and effects of its exploitation on fresh ground 
water regime are to be studied in depth. 


Groundwater monitoring of unconfined and confined aquifers should be carried out to study both 
seasonal and long term qualitative and quantitative changes in the regime. This will help in 
precise estimation of groundwater resource and its periodical availability for development, in 
gaining knowledge about inter-relationships of aquifers, and also in providing advance information 
on possible over exploitation of aquifers. It will also provide valuable data for groundwater flow 
modelling to forecast future development scenarios as also quality changes in the groundwater. 


Since groundwater development is a people's programme, public awareness has to be generated 
about benefits of optimal groundwater utilisation as also hazards of over exploitation. Legal 
control in some form may be mooted in the areas Where the stage of groundwater development is 
high. 
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CHAPTER - XI 


SOIL RESOURCES AND AGRICULTURAL PRACTICE 
IN MAHANADI DELTA 


N.K. MAHALIK 
Professor, Geology (Retd.), Utkal University, Bhubaneswar 


INTRODUCTION 


Soil is a fundamental natural resource which supports agriculture. It consists of loose earthy 
materials forming a thin envelope on rocks and sediments. They are derived from the weathering 
of rocks, the weathered products are either left insitu or are transported by various transporting 
agencies such as water, wind and gravity to other places and get deposited as sediment bodies. 
The insitu weathered products and transported sediments undergo physico-chemical-organic 
changes with time to form soils of different types .varying in their physical, chemical properties 
and organic content. Two principal types of soil are recognized : residual and transported. The 
last could be differentiated into several subgroups based on the media of transportation and 
deposition, e.g., 
(1) Fluvial deposits by river water, they may be coarse grained under high energy condition of 
deposition or fine grained deposits under low energy condition of deposition. The coarse 
grained are gravels and the fine grained deposits are silt and loam. 


(2) Marine deposits under marine environment by waves and tides. 
(3) Aeolian deposits are deposited by wind energy, usually well sorted fine sand and silt. 


(4) Colluvial deposits: These are produced by gravity movement and are usually coarse and 
heterogeneous in nature. 


The deltaic soils are always formed from transported materials brought from a catchment by a 
river and deposited in a basin partly by fluvial forces, partly by marine forces and jointly by both 
in certain zones as in estuaries. Wind joins them to form some deposits of its own though of 
secondary importance. The river laid deposits vary in their physical make up-depending on the 
environment of deposition both along and across the river channel. Marine deposits vary in their 
nature depending on the energy condition of deposition e.g. wave deposited, tidal deposited or 
estuarine deposited. Texturally soils can be classified as gravelly, sandy, silty, clayey or various 
combinations there of. For agriculture purpose 12 classes of soils have been identified: sand(S), 
loamy sand(LS),sandy loam(SL), loam (L), silty loam(SiL), sandy clay loam (SCL), clay loam 
(CL), silt clay loam (SiCL), sandy clay (SC), silty clay (SiC) and clay (C). Fig.1 and Table-1 show 
their composttion. 

Abnormal soils could be saline soils with excess salt content. If the salts are carbonate and 
bicarbonate the soil is alkaline soil. Soils containing unusual proportion of organic matter are 
classed as organic soils or peat. 
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Fig. 1. Digram showing soil classes 


SOILS OF MAHANADI DELTA 

In Mahanadi delta sediments are deposited partly under the influence of river water in a subaerial 
environment and partly under the influence of marine agents of Bay of Bengal. The energy 
conditions of deposition in both riverine and marine regimes are very variable, hence nature of 
sediments vary from place to place. In a riverine regime, sedimentation takes place in the river 
channel under high energy condition, over bank deposition under moderate energy condition and 
flood plain deposition in low energy condition; hence the sediments would differ in river channels, 
point bars, natural levees and flood plains. Coarser sands are deposited in channel bars and 
pointbars; fine sand and silt in levees and silt and clay in the flood plains. Axial zones of doabs 
are constituted of hydromorphic soils. The nature of sediments along a river from its apex to its 
outfall would also vary, coarser in the apex region and finer and saline in the outfall regions. The 
texture of soils typically reflect the agents and environment of deposition. Soils are coarser, 
lighter with less moisture upstream while they are finer, heavier and more wet in downstream 


118 


Digitized by srujanika@gmail.com 


areas. Similar is the situation across the river valleys, coarse sediments are found close to the 
channel while fine sediments occur away from the channel. The permeability and drainage 
characters depend on the soil texture. Coarse soils are more permeable than finer soils. In the 
coastal zone, sediments are deposited under variable energy and environmental conditions, for 
example, deposition under wave energy would give rise to coarser and permeable soil, while 
deposition under tidal condition would produce very fine grained saline soils. Wave deposited 
sediments produce beaches and beach dunes while tide deposited sediments produce tidal flats 
and tidal swamps. Lakes provide a relatively calm environment and hence produce fine grained 
sediments. Winds play a subsidiary role in the delta. However in Mahanadi delta aeolian deposits 
are found in beach environments and natural! levee environments. Wind produces a duned country 
with well sorted fine grained sand in the beach and levee environments of the delta. 


ABLE-1. PROPORTION OF SOIL SEPARATES IN DIFFERENT TEXTURAL SOIL CLASSES 


Textural Class Percentage variation of soil separates 
Silt Sand coarse + fine Symbol 


Sand 
Loamy sand 
Sandy loam 
Loam 
Silty loam 
Silt 
Sandy clay loam 
Clay loam 
Silty clay loam 
Sandy clay 
Silty clay 
Clay 

Min = Minimum & Max = Maximum. 


There is an intimate relation between soil types, topographic features and land uses in Mahanadi 
delta as shown below: 


Sandy Soil River channel, point bar Human settlement 
Channel island, Beach Forest/ Plantation 
Aeolian dunes Orchad 

Natural Levees Human settlement 
Communication network 
Plantation 

Food plain, tidal flats Agricultural use 


Silty sand, sandy silt etc. 


Silty clay, clayey silt loam 
Clays/Organic soil Swamps, illdrained Mangrove forest In 
areas, tidal swamps tidal swamps. 
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Besides the above types of transported soils, the deltaic periphery is characterized by lateritic 
residual soil formed by weathering of the country rocks. In doabs IV & VII! lateritic soil is associated 
with deltaic alluvial soils. Five main types of soils are seen the delta, (Fig. 2). These are : 

1. Residual ateritic soil in the deltaic periphery. 

2. Coarse sandy soi! — in beach, river channels and in aeolian dunes. 

3. Coarse loamy soils — in upper flood plains and levees. 

4. Fine loamy soils — in lower flood plains. 

5. Clayey soils, organic soils- Axial parts of doabs, tidal flats and tidal swamps. 
Based on formation of soil horizons, four orders of soils are found in the delta. These are Entisols, 
Inceptisols, Alfisols and Vertisols (Brady, 1996). The extent of occurrence of different textural 
classes of soils in Mahanadi irrigation command at different depths (0-30 cm, 30-60 cm, and 60- 
100 cm.) are presented in Table-2. 


ABLE-2:TEXTURAL CLASSES OF SOILS IN MAHANADI DELTA IRRIGATION COMMAND 
( % Area of Delta occupied by Soil class at different depths) 


Soil Class Textura! Soil Depth (cm.) 

Class Notation 0-30 30-60 60-100 
[. SANDY SOILS 
(Coarse textural soils) 
Sand S Nil Nil Nil 
Loamy L Nil Nil Nil 
li. LOAMY SOILS 
Moderately textured soils: 
Sandy loam SL 0.4 0.7 0.3 
Medium textured soils: 
Loam L 1.1 2.3 1.5 
Silty loam Sil 26.6 37.8 20.4 
Silt Si 2.3 6.3 1.6 
lil. CLAY LOAMS 
Moderately fine textured soils: 
Sandy clay loam SCL 0.4 = 
Clay loam CL 2.8 5.6 5.5 
Silty clay loam SiCL 0.7 1.3 2.1 


IV. CLAYEY SOILS 
Fine textured soils: 


Sandy clay SC 0.0 0.3 0.0 

Silty clay SiC 45.4 34.6 48.0 

Clay C 20.8 10.8 20.2 
100.0 100.0 100.0 


Source : Engineer in Chief (Irrigation), Govt. of Orissa (1989) 
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It is observed that the bulk of irrigation command area has silty clay (45.4%), silty loam (26.6%) 
and clay soil (20.8%) within a depth of 30 cm below ground: 

Properties of soil : Besides the textural properties some other properties of deltaic soil are 
discussed here briefly. 


1. 


P" of Soil : P“ is an important property of soil controlling plant growth. Neutral soils are 
conducive to healthy growth of most crops. A P" range of 6.5 to 7.5 is considered ideal for 
agricultural soils. In Mahanadi delta all doab soils have a P“ of around 7 with no severe 
salinity and acidity hazard. However close to the coast, along estuaries and tidal! affected 
areas the soils are saline and suffer from high alkalinity with P" exceeding 8. 


Exchangeable Sodium Percent (ESP): The average ESP for delta soils is 10.3% and 
ranges between 1.3% to 16.5%. 

Soil conductivity: Soils having conductivities greater than 4 milliMhos/cm. are considered 
to be saline soils while in Mahanadi delta command area it is less than 0.357 mMhos/cm. 
The soils are grouped under irrigability class-| which are most favourable for all crops. 


Cation Exchange Capacity (CEC): It is an indicator of soil fertility. The CEC in the delta 
command ranges between 9.1 to 14.7 meg/100 gms. of soil. The average is 11.8 meg./ 
100gm. Values of CEC less than 3-4 units reflect degree of infertility unsuited for irrigation. 


SAR (Sodium Absorption Ratio): This is an indication of soil alkalinity: This represent the 
capacity of clays to absorb sodium in relation to calcium and magnesium. Excessive 
sodium reduce drainability of soil, aeration and microbial activity. The average SAR value 
in Mahanadi delta command is 2.7 to 3.2. SAR values less than 20 are suitable for rich 
cultivation. 
Soil Salinity: In certain zones along the coast, e.g. along estuaries, tidal creeks, tidal! 
swamps, the soil is saline. Excessive irrigation is also cause of salinisation. In Mahanadi 
irrigation command the soil does not suffer from salinity. 
Organic Matter: Presence of organic matter stimulates the growth activities of micro 
organisms Which are responsible for nitrogen fixing in soils. It enhances the fertility status. 
In Mahanadi detta the organic matter contact in soils varies from 0.01% to 2.02%. 
Soil Nutrients: Plants require several nutrients for their growth and reproduction which 
they get from atmosphere, water and soil. C,H,O. mainly come from the atmosphere. Other 
elements are obtained from soluble satts available in soil. Of these some are used in large 
quantities (primary nutrients, N, P. and K), some are in moderate quantity (secondary nutrients, 
Ca, Mg and S}) and several in small quantities (micronutrients; Fe, Mn, Cu and B). 

The following is the nutrient content in deltaic soils in milligram per 100 gms of soil: 

P = 0.1 — 0.6, K=36.9, Na = 47.5, Ca=10.5, Mg=8.0, Fe=2.38%, Copper 0.03 mg/gm, 

Manganese 0.3mg/gm and Boron 2 ppm. 


The fertility status of Mahanadi soil is moderate with respect to sodium and phosphorous and 
fairly rich in potassium. 
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Soils of the irrigation command area in Mahanadi delta is very conducive for agriculture. However 
drainage congestion is a major obstacle for better agricultural yield. The following section deals 
with the agricultural practice in the delta. 


AGRICULTURAL PRACTICE IN MAHANADI DELTA 


Deltas are the most productive areas in the world because of their rich fertile soil. Mahanadi delta 
has both fertile soil and good agro-climatic condition. It has an old irrigation system constructed 
during the British regime. Despite all this, the yield rate of delta command area is very low, being 
about 1.6 tons/ha of irrigated paddy. It has remained stagnant despite the green revolution sweeping 
the country. The major bottlenecks are poor drainage of the delta command, outmoded irrigation 
service without any management control and traditional agricultural practice. 


Cropping in Mahanadi delta is being done under irrigated, unirrigated and illdrained condition. 
Paddy is the dominant crop in the delta. Pulses, vegetables, oilseeds and jute are other important 
crops grown in the entire delta area. 


In areas having no drainage problem, coverage under kharif paddy is 98.4% in unirrigated areas 
as against 96.5% in irrigated areas. In illdrained areas the coverage under paddy is 99.8% and 
82.8% in irrigated and rainfed areas respectively. Next to paddy, jute is the other major crop 
grown in kharif both under unirrigated and irrigated conditions, irrespective of the incidence of 
drainage congestion. 


In Rabi season, paddy also continues to be the major crop in irrigated areas accounting for 44% 
of the C.C.A. Pulses form the next important Rabi crop grown with irrigation or by availing 
residual moisture after the harvest of Kharif paddy crop. Black gram, horse gram and green gram 
are the usual pulses grown. Vegetables are grown over small high land patches in Kharif season 
while in Rabi season high and medium lands are used for vegetable. 


Besides the field crops, coconut is an important plantation crop grown in small patches in relatively 
high lands adjoining habitations. Of late plantations have been taken up on tank bunds, canal 
banks and field bunds. Betel vine is another field crop grown on high made up mounds providing 
regular pot irrigation. 


CROP-YIELD 

Under irrigated conditions yield of High Yield Variety (HY V) paddy is hardly around 15.1 QtV/Ha as 
against 12.5 Qtl/Ha of normal paddy, vide Table-3. In case of jute, which is a cash crop, the 
average yield is 12.2 Qtl/Ha. Between seasons, yields of crops in Rabi are higher than that of 
Kharif crops (Table-4). For example, the average yield of HYV paddy in Kharif is 12.0 Qt/Ha while 
the Rabi yield is 15.2 Qtl/Ha accounting for an increase of about 27.0%. This is perhaps due to 
better use of fertilizers in Rabi for which weather conditions are more conducive and there is less 
incidence of insect pests. Further the irrigation flow is better regulated compared to Kharif season 
which experiences heavy rain run off. Blackgram and greengram are the two important pulse 
crops with average yields of 2.7 Qti/Ha and 1.4 Qtl/Ha respectively. The other two important Rabi 
crops are groundnut and potato, their corresponding average per hectare yield being 10.1 Qtl. and 
65.7 Qtl. Yield of irrigated crops is generally higher than that of crops grown under unirrigated and 
yield reduction is noticed in the command area where there is drainage congestion. In about 
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6.4% of the sown area, the crop (even paddy) is fully damaged and the crop is partially damaged 
in about 1/3 of the sown area, and the degree of this crop damages varies with the degree of 
drainage congestion suffered at different stages of its growth. On the whole a total area of 39.4% 
suffers crop loss due to drainage congestion. 


TABLE-3: YIELD OF MAJOR CROPS (Qtl./Ha) 
Crop Irrigated Unirrigated Hl-drained 


Paddy (HYV) 15.1 8.2 — 
Paddy (N) 12.5 9.5 

Green gram 1.4 

Black gram 2.7 

Horse gram 3.6 

Groundnut 

Vegetables 

Potato 

Jute 


TABLE-4:YIELD OF MAJOR CROPS (SEASON-WISE) (QtI /Ha) 
Crop Kharif Rabi Total 
Paddy (HYV) 2.0 5.2 4.8 
Paddy (N) 
Green gram 
Black gram 
Horse gram 
Groundnut 
Vegetables 
Potato 
Jute 
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CHAPTER - XII 


HYDROCARBON POTENTIAL OF 
MAHANADI COASTAL BASIN 


D.Dash 
Oil India Ltd., New Delhi 


INTRODUCTION 


Thick coastal sedimentation, both onshore and offshore, has been considered as potential areas 
of occurrence of oil and gas. Deltaic areas e.g. Mississippi delta and Godavari-Krishna-Cauvery 
deltaic tracts possess oil. There is all likelihood that Mahanadi coastal basin with all the ingredients 
of Godavari-Krishna Delta should possess this resource. 


EVOLUTION OF THE MAHANADI COASTAL BASIN 


Mahanadi coastal basin has evolved in the same manner as other east coast basins of India. 
Chapter 2 & 3 of this book contains the deltails of evolution of the East Coast. The development 
of the Mahanadi coastal basin has been linked with the late Jurassic-early Cretaceous separation 
of Indian plate from East Gondwana assembly (Australia-Antarctica-India). The pericratonic basin 
was formed associated with widespread volcanic eruption under subaerial condition ranging in 
age from early Cretaceous to Eocene. Volcanism was associated with sedimentation prior to, 
during and subsequent to eruption both in continental and marine environment. The volcanic 
activity has been correlated to the Rajmahal traps (c.100 - 105 Ma). True marine sediments were 
recorded in the Upper Cretaceous. The Paleogene was characterised by extensive deposition of 
carbonate rocks and continental shelf-slope divide was well established by Eocene time. There 
was extensive carbonate buildup at the shelf edges. The marine presence was not fett in Mahanadi 
onshore areas during the Paleogene. There was a hiatus between Paleogene and Neogene due to 
regression of the sea on to the Eocene shelf edge. That is why Oligocene is poorly represented 
in the onshore and offshore regions of the detta. Subsequently there was a massive transgression 
of the sea into the inland areas and the sea appeared as far inland as Baripada in north Orissa 
and Delanga in south west Mahanadi detta. During Mio-Pliocene (Neogene) extensive deposition 
of clastics took place under deltaic to marine condition. During this time the Baripada Beds and 
Tolapada Formation (in Mahanadi Delta) were deposited. The Tolapada formation has been 
discussed in Chapter 6 of this book. The end of Neogene Witnessed yet another marine regression 
during late Pliocene-early Pleistocene exposing the Mio-Pliocene sediments which were eroded 
off. Land conditions prevailed and lateritisation took place during this time. It is believed that this 
. regression coincided with a period of ice age else where. During middle to late Pleistocene the 
sea again invaded land areas by which time Mahanadi river was established in the east coast. 
Sediment contribution from Mahanadi river gave birth to the Quaternary Detta. 


GEOLOGY, STRUCTURE AND TECTONICS OF THE MAHANADI COASTAL BASIN 


Geology : There is enough information on the geology of Mahanadi Dettaic tract. Geological 
Survey of India and many researchers from educational institutions have amassed data on 
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surface geology. The northern boundary of Mahanadi delta is characterised by a regional fault 
identified as North Orissa Boundary Fault by Mahalik (1994, 1998) differentiating the Singhbhum 
Craton on the north from the Easternghat Mobile Belt on the south. The Easternghat Group rocks 
form the foundation of the Mahanadi Coastal basin. The Gondwana Graben (Mahanadi Graben) 
was superimposed on the Easternghats running along WNW-ENE direction and extending into 
the Coastal basin. Fluviatile Gondwanas were deposited in this graben. In late Mesozoic continental! 
rifting separating Indian plate from Antarctica and Australia gave birth to the East Coast Basin. 
Sedimentation in East Coast Basin since the Upper Cretaceous covered the earlier rocks e.g. 
the Easternghat Group and the Gondwanas.The geological succession in the coastal basin is 
given in the table below : 


TABLE 1. GEOLOGICAL SUCCESSION OF THE COASTAL BASIN. 


. Quaternary sediments of Mahanadi Detta. 
. Neogene sediments as Baripada Beds, Tolapada Formation 
UN CONMTONMIY. see a en ଶାବକ 5 ର ସ୍ର 
. Paleogene sediments in the offshore 
. Volcanics (Rajmahal Trap) 


. Easternghat Metamorphics (Khondalite, Charnockite, Granite gneiss & Anorthosites) 


Structure & Tectonics 


The Mahanadi deltaic terrain has been thoroughly surveyed by various geophysical methods by 
many earlier workers to understand the subsurface structures of onshore and offshore Mahanadi. 
It has been covered by gravity and vertical intensity magnetic survey by ONGC (Das, 1966). 
Based on these data and a few seismic profiles, Murti et al (1973) have described the tectonics 
of the basin in terms of depressions and ridges in which the depth to basement varies from 200m 
under Bhubaneswar Ridge to a maximum of 900m in Cuttack-Chandbali Depression (Sastri et al, 
1974). The regional Bouguer anomaly of the area is given inthe Bouguer gravity anomaly map of 
India prepared by NGRI, 1978. Mahanadi delta is characterised by Cuttack-Chandbali low which 
extends westwards beyond survey limits and merges in the series of lows characterising Gondwana 
Graben in Central India. Misra et al (1984) also interpreted the Bouguer anomaly and arrived at 
the same conclusion. They found a maximum depth of 2600m under Cuttack-Chandbali Depression. 
Total intensity Airborne survey was conducted by NGR! (Babu Rao et al 1982) for both onshore 
and offshore areas of Mahanadi coasta! basin. From this the basement relief has been interpreted 
in terms of depressions and ridges, e.g. Cuttack Depression, Bhubaneswar Ridge and Puri 
Depression. For offshore area the relief of basement varies, 1 km. near the coast to 4.5 km near 
the shelf margin. 

Deep Seismic‘ Sounding (DSS) was carried out by NGR! (Kaila et al 1987 and Mall & Tewari, this 
book) in Mahanadi onshore area in association with Oil India Ltd to know further details on 
Mahanadi delta. DSS was carried out along three profiles. Among others, they have identified the 
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extension of Gondwana Graben into Mahanadi coastal basin with maximum sediment thickness 
of 2.8km of which 2.3 km may constitute the Gondwana sediments. This grabenic extension lies 
in the Cuttack-Kendrapara Depression. South of this is the Bhubaneswar Ridge at a depth of 
200m. Along the coast and adjoining offshore area new basins were developed during the Tertiary 
period which received Tertiary and Quaternary sediments. Two coastal depressions which may 
be extending into the Bay of Bengal have been identified. These are Konark Depression with 
2400m thick sediments and Paradip Depression with 2200m thick sediments. These are fault 
controlled basins. The details of the different basement structures have deen dealt in Chapter 3 
of this book. Another depression lies arotind Chandbali to northeast of Mahanadi Detta. 


DRILLING PROGRAMME BY OIL INDIA LTD 


Oil India Limited has done extensive work in Mahanadi coastal basin (onshore + offshore) to 
locate and prove the occurrence of hydrocarbon. The area of operation is shown in Fig. 1. which 
consists of Mahanadi onshore, Mahanadi offshore and Northeast Coastal Basin. Altogether 15 
wells have been drilled, four onshore (at Paradip, Salepur, Konark and Chandbali), seven in 
Mahanadi offshore (three east of Paradip and four south of Paradip) and four in Northeast coastal 
Basin. 


The geological section as deduced from five selected bore holes is given in Table 2. The bore 
holes are located at Salepur, Konark, Mahanadi offshore - 5, Mahanadi offshore -1 and NEC-1 as 
shown in Fig 1. 

TABLE 2: GEOLOGICAL SECTION DEDUCED FROM BORE HOLES 


Mahanadi 
offshore BH1 


Mahanadi Mahanadi 


offshore BH5 


Mahanadi 
onshore BH2 onshore BH3 
SALEPUR KONARK 


Quaternary | Avaliable Avaliaple Avallapie Avaliaple 
Neogene 


Oligocene | No Oligocene No Oligocene No Oligocene | No Oligocene | Oligocene 
present observed 

Eocene Not represented | Late Paleocene | Limestone & | Limestone & | Limestone & 

Paleocene Eocene present clastics clastics clastics 

LL UpuJurassic to Early Creta- Clastics & Clastics & Clastics & 
ee ceous present | volcanics volcanics volcanics 


Pre- No metamorphic$ No metamorphics Metamorphics| Metamorphics | No metamor- 
Cambrian | till 3 km depth | till 1914m met at 3.7km | met at 2.15 km| phics till 5 km 
depth depth depth 


From Table 2 it is observed that metamorphics were met at different depths indicating uneven 
basement. No late Cretaceous, Paleocene, Eocene and Oligocene deposits were encountered in 
the onshore area indicating no marine transgression in the onshore areatill the Oligocene. Coastal 
basins and offshore areas of Mahanadi delta show deposition from Creteous till the Quaternary 
but lack the Oligocene. There was a Oligocene hiatus in the Mahanadi offshore. On the other 
hand, Oligocene is present in Northeast Coastal Basin. In the onshore area land condition existed 
till the Oligocene followed by a massive transgression in Miocene as far inland as Baripada. The 
generalised stratigraphic succession of Mahanadi coastal basin is given in Table 3. 


NEC BH1 
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TABLE 3. GENERALISED STRATIGRAPHY OF ORISSA OFFSHORE 
(After Bharali, Srivastava & Rath, 1987) 


Age Lithology Environment 

Recent to Clay, claystone with Marine and progr- 

Pliocene few interbeds of sands dational deltaic. 

Up-Mid-Lower Claystone, siltstone, Progradational deltaic 

Miocene shale with interbedded to deep inner shelf to 
sandstones bathy! 


Oligocene Claystone, siltstone, Progradational deltaic to 
shale with interbedded deep inner shelf to bathyl. 
sandstones : 


# Femmes ees Eee IN ClO NPC T Ve re rs ees cst er Fer eee Meee i 


Eocene 


Dark grey to buff massive Inner to deep marine shelf. 


limestone. 

Late Fine grained argillaceous Shallow supratidal to 

Paleocene limestone with interbeds of deltaic to middle shelf. 
shale\sandstone. 

Early Paleocene Grey, calcareous shale with Deltaic \ shallow marine. 
interbeds of glauconitic 


sandstone. 


@ “ + * # * 4 6 ଛଉ + 0 4 # 9 4 | 6. 6 4 4 a. ee eee 


$ ¢ # 4 ୧ 4 ¢ # ¢ ୫ 4 + 4 କା * ଉ . * # 6 € * ୫ ଉ . 6 


Fine grained sandstone Marginal marine to middle 


Creataceous shales. shelf. 
Early Tuff and volcanics with Continental 
Cretaceous minor interbeds of coal 
and carbonaceous shale. 
$ ଜବ ଜା € 6 6 6 ¥ € 9 UF G44 G6 55 Fh hs N GC CGC CEE UNCONFORMITY- - + se ers caer ere re ce eee asa nne 


Pre-Cambrian Metamorphic Basement 


Fig. 2. gives an approximate geological section from onshore to offshore and Northeast Coast 
Basin. 


STRUCTURE AND TECTONICS OF SEDIMENTARY BASINS 


The dominant tectonic movements in the area are due to tensional forces and therefore large 
anticlinal structures are rare. Fautt controlled structural closures are common in pre-Tertiary and 
early Tertiary sediment sequence. Majority of faults present are basement controlled. However, 
beyond the hinge zone the faults are of the nature of growth faults (Fig 2). There are broadly four 
tectonic units in the coastal offshore basin, e.g., 1. Graben area, 2. Flat platform area, 3. Region 
of carbonate build ups and 4. Region of growth faults. These tectonic units are shown in Figs 2 & 
3. Fig 2 gives the cross section of geology and tectonic units between Salepur bore hole on the 
onshore and bore hole K of the Northeast Coastal Basin. The graben area is close to the coast 
and controlled by fault tectonics of the basement. Seawards the graben area is followed by a 
broad flat platform on which uniform thickness of Paleogene carbonates were deposited. The 
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area is least affected by major tectonic elements. Further basinwards across the Eocene shelf 
margin a belt of thick carbonates of Paleocene and Eocene are developed. The region of growth 
faults lie east of the Eocene hinge line. Due to excessive load of the Neogene sediments a 
system of growth faults were developed. 
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HYDROCARBON POTENTIAL 

Inspite of Oil India's continuous efforts to locate oil and gas in Mahanadi basin no commercial 
discovery of hydrocarbons has been made. The mass of information collected so far has however 
helped to identify various prospective areas in this basin. One of the primary hydrocarbon target 
identified was the Paleogene carbonate buildups along the shelf margin. Shales of the Paleogene 
and the basina! shales adjcent to Eocene shelf edge carbonate buildups are considered to be 
potential source rocks for oil and gas generation. Hydrocarbon prospects for Mahanadi onshore 
appears to be not very promishing. Source rock analysis of the onshore wells suggest that the 
sediments are immature down to the drilled depth. 


Even though commercial! oil has not been struck, hopes of oil and gas in the Mahanadi offshore 
still persist and better approach to investigation is being thought of. Recent discoveries of giant 
sized oil and gas fields around the world in the deep waters has generated a lot of interest for 
extending operation in deeper waters (beyond 400m water depth) along the east coast of India. 
During 1997 extensive 2D seismic data acquired in the deep waters of the east coast under a 
joint speculative survey between Director Genera! of Hydrocarbons (DGH), Govt of India and 
Western Geophysical has opened up vast area of hither-to-unexplored which hold promise for oil. 
As part of the ongoing liberalisation process, the Govt of India has offered 12 deep water blocks 
(3 blocks in Mahanadi and 1 in NEC) along the east coast of India for bidding. Exploration in 
these blocks is to be extended to water depths of 400-1500m to ultradeep water depths of 1.5 to 
3 km targeting large turbidite sandstone bodies on the mid to base of continantal slope and 
abyssal plain. A number of National and International oil companies have submitted bids for the 
deep water exploration blocks in Mahanadi and NEC offshore areas. 
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CHAPTER - XIII 
TOURIST RESOURCES IN MAHANADI DELTA 


N. K. MAHALIK 
Professor, Geology (Retd.), Utkal University, Bhubancswar 


INTRODUCTION 


A look into the tourist guide book of Orissa (Lieb!, 1989) shows that a majority of places of tourist 
interest in Orissa lie in Mahanadi detta alone. Geomorphological features such as solitary hillocks 
within the periphery of the delta, coastal sands, sea shore, lakes, swamps, river courses and 
river mouths have been the sites of human interest since the ancient historical times. The tourist 
features relate to : 


1. Historical events and phenomena relating to kings, their establishments, events of war and 
religion. 


2. Religious events and phenomena - cultural activities of Buddhists, Jains and Hindus 


3. Cultural activities along river courses and mouths, ports, harbours relating trade and 
commerce 


4. Natural settings for site seeing e.g., beaches, lakes, tidal swamps (Chilika lake, Bhitarkanika 
mangrove forests, Nandankanan zoo) etc. 


Some of the sites are associated with compound activities relating to kings and emperors, their 
religious practices e.g. Emperor Ashok, Kaling war and spread of Buddhism in Orissa etc. Others 
are natural settings with unique features of biodiversity, e.g. Bhitarkanika tidal swamps for mangrove 
forest, mass nesting of Olive Ridley turtles and Chitika lake for its vast blue water and migratory 
birds. Beaches have been associated with religious establishments, e.g. Puri beach and Jagannath 
temple; Konark beach and famous Sun temple etc. The different geomorphological settings and 
associated places and features of tourist interest are discussed here. 


RESIDUAL HILLS ALONG THE WESTERN MARGIN OF THE DELTA 


The residual hills/hill ranges lying along the periphery of the delta have been described under the 
geomorphology of the delta. They occur either in lateritic peneplains or within the alluvial plains. 
These hills are made up of khondalite rocks or Gondwana sandstones. The important hills, rock 
formation of which they are made up of and associated tourist interest are given in Table - 1. 


The hills have some geomorphological advantage for which the early men chose to settle and do 
their activities. Some hills are surrounded by flood plains and during rainy season it is difficult to 
approach them. Hills like Ratnagiri, Lalitgiri, Udayagiri which have some of the best Buddhist 
heritage get surrounded by flood waters during rainy season. Some of the khondalite hills which 
occur in the region does not show anything interesting now but may contain some archeological 
treasures which future would tell. Nijgarh mundi near Pipli and Kumandal hill near Delang, both 
along Daya river valley and made up of khondalite rock might be having some thing of interest to 
archeologists. 
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TABLE - 1. RESIDUAL HILLS 
Name of Hills Rock Type Delta Settings Tourist interest 
i K rs 


Asia Hills ondalite Upper deltaic Buddhist art and 


(Lalitgiri, Alluvium Architecture 
Udayagiri (margin otf delta) since 3rd century B.C. 
Ratnagiri 


Langudi) 


Mahavinayak Khondalite Laterite Religious place 
Hill (Chandikhol) peneplain 


Khandgiri Gondwana Lateritic Rockcut caves 


Udayagiri sandstone peneplain of 1st to 2nd 
Hills, Bhubaneswar century B.C. 
Jain cultural 

remains 


Dhauligiri Khondalite Upper deltaic Monument 
South of Alluvium of 3rd century BC 
Bhubaneswar relating to Emperor 
Ashok and Kalingawar. 
Buddhist stup. 


In the middle of third century BC the Indian emperor Ashok conquered Kalinga (ancient Orissa) 
by Kalinga war believed to be held around Dhauligiri, six kilometres south of Bhubaneswar along 
Daya river. Thousands of people died in this war. The ghastly scene of war transformed Ashok to 
be a follower of Buddhism and devoted himself to the practice and propagation of this religion of 
peace. Ashok inscribed a set of royal edicts in a huge rock at Dhauli which is now a site of 
historical and religious interest. At the top of Dhauligiri hill a peace pagoda has been built with 
assistance of Japanese Buddhists. The place has now been a tourist centre. Ashoka influenced 
the then Oriyas to practise and propagate Buddhism both inside Orissa and outside the country. 
It is very likely that people of Kalinga moved into Srilanka and south east Asia to spread the 
religion. Buddhism took strong roots in Orissa and many centres of Buddhist activity were developed 
inthe State. One such centre is around Lalitgiri, Udayagiri, Ratnagiri and Langudi hill lying in the 
Birupa-Brahmani river valley. Unique Buddhist monastic complex in the world developed in this 
area. The Buddhist ruins of Lalitgiri dates back to Maurya Sunga Period, 3rd to 2nd century BC, 
and if this is true, Lalitgiri could be considered as one of the earliest Buddhist establishments in 
the world. Many recent archeological discoveries at Lalitgiri show it as a flourishing Buddhist 
center of the 2nd century BC. There are monasteries and stupas at Lalitgiri (Fig.1). The sculptures 
resemble Java and south east Asian prototypes. The other two hills nearby, Udayagiri and Ratnagiri 
together with Lalitgiri form the diamond triangle for Orissa tourism. The excavation at Ratnagiri 
has revealed the remains of an imposing stupa, two quadrangular monasteries, a single winged 
monastery, eight temples, large number of small stupas, sculptures and architectural piece 
indicating of an establishment that can be compared with major Buddhist sites in the world like 
Bodhgaya and Nalanda in Bihar. Udayagiri is also very rich with its Buddhist remains. Recently 
new Buddhist sites have been located in the adjoining areas e.g. at Langudi hill. The Buddhist 
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Fig. 1. Buddhist stup at Lalitgiri 


activity in this area spanned over a great length of time from middle of 3rd century BC to as 
much as the 16th century AD. (Ref : Arabinda Panda, New Indian Express, Bhubaneswar, May 3, 
2000). Close to Bhubaneswar two isolated hillocks of sandstone, Khandigiri and Udayagiri, are 
famous for Jain monuments of 1st century BC. The rocks of these two hills were carved to make 
a series of multistorey cave apartments for Jain monks. These were the works of first known 
Orissa Ruler, Kharvel as the historians say. 


At the junction of the lateritic peneplain and the deltaic alluvium lies Bhubaneswar, the capital! of 
Orissa state. For ages, from historical times, it has connection to kings and emperors. Ashoka 
was here during middle of 3rd century BC. Emperor Kharbel ruled from here in the 1st century 
BC. Remains of a large and well fortified city known as Sishupalgarh lies close to Bhubaneswar 
which is dated as 3rd to 4th century BC. There is Dhauligiri, Udayagiri, and Khandgiri around 
Bhubaneswar. Bhubaneswar is known as the city of temples with exquisite architecture in 
sandstone rock. The most important temples are Lingaraj temple of 11th century AD, Mukteswar 
temple of 10th century and Rajarani temple of 11th century AD. Older temples belong to 7th 
century AD. At Lingaraj temple, Lord Siva is worshipped. Thousands of Pilgrims come to worship 
Lord Lingaraj (Siva). 

Close to Bhubaneswar (12 Km to north) lies the famous Nandankanan, a popular place for 
tourists for its zoological garden, Botanical Garden and lion safari. The zoo is internationally 
famous for its population of white tigers. The gardens were created by Orissa government in a 
lateritic upland with an enclosed valley, known as pata containing water throughout the year. It is 
a miniature lake in the delta head area with thick growth of forest bush. 
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COASTAL DELTAIC REGION 


The deltaic margin close to sea is equally interesting for its natural beauty, biodiversity, religious 
establishments and ports and harbours. It has fascinating beaches, wetlands (Chilika lake, 
Bhitarkanika tidal swamp) and river mouths with maritime activity. 


Beaches 


Vast beaches overlooking the sea and with a thick plantation cover behind provide ideal sites for 
site seeing. The sandy beaches run continuously for hundreds of kilometres from Chilika lake to 
Puri and Konark and thereafter discontinuously upto Dhamra mouth in the north east. The Puri 
beach, Chandrabhaga beach at Konark and Chilika beach around Prayagi are famous for their 
natural charm of sands, of casurina forest and vast blue sea water. Many river mouths e.g. 
Prachi river, Debi river, Chilika coast have provided opportunity for maritime activities in the past. 
There are remains of ports and harbours giving evidence of maritime glory of Orissan people. 
Some of the port sites were located at Palluru, Manikpatna, Konark (Chandrabhaga river mouth, 
now dead & buried) and Astaranga. In the present time Mahanadi mouth area has provided 
opportunity for creation of a major port at Paradip which caters to trade and commerce both 
within and outside the country. Dhamra mouth on the northeast is known to be associated with 
maritime activity: A major port is in the pipe line at Dhamra. Jatadhar Muhan, south of Paradip, is 
a likely place of past maritime activities. 


Temples in the Beach 


Some of the beaches such as at Puri and Konark were chosen by ancient people for construction 
of famous temples like Konark temple (World Heritage site) and Puritemple of Lord Jagannath, 
the most revered deity of Orissan people. The temple of Lord Jagannath is one of the most 
sacred pilgrimage spots in India. The temple was built in 12th century AD by Ganga Dynesty 
king Chodganga Deva replacing an earlier structure dated to the 10th century. The present temple 
has unique architecture in Khondalite rock. The sun temple at Konark is the culmination of Orissa 
temple architecture and one of the most stunning architecture in the world. It has been declared 
as a world heritage site. The temple was built in khondalite rock in 13th century AD. The temple 
was close enough to the sea during its construction. It was used as a navigational point by 
European sailors who referred to the temple as black pagoda. Konark was an important port in 
earlier times and was known to the geographer Ptolemy in the 2nd century AD. It is believed that 
Patharbuha river,.a branch of the now defunct river Prachi was flowing close to Konark along 
which khondalite rock blocks were carried to be used in the construction of Konark temple. 


It may be noted that Bhubaneswar, Puri and Konark are famous for their temples and they 
constitute the golden triangle for the tourists. In Bhubaneswar sandstone was used extensively 
where as in Puri and Konark khondalite was used extensively. It would be interesting to look for 
the massive rock quarries which provided the rocks and the manner and route of their transportation 
to the site of their construction. 


Wetlands 


There are many fascinating wetlands along the coast of the delta of which Chilika lake, Bhitarkanika 
tidal swamp and Jatadhar Muhan are important. 
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Chilika lake 


It is the biggest brackish water lagoon of Asia and is classed as a Ramsar site. It is a spot of 
enchanting beauty. Besides the vast blue water, there are more than 160 varieties of fish and in 
the winter it is a home to hundred of thousands of migratory birds. Siberian orangs, flamingos 
from Persian Gulf, pelicans from western corner of India, golden plovers, ospreys, cormorants, 
eagles, hawks and ducks all gather together to the visitors delight. 


Bhitarkanika 


It is a tidal swamp between Dhamra river on the north and Bay of Bengal on the south. River 
Maipura cuts it into two parts. There are numerous creeks traversing the area. The area is 
fascinating for swelling creeks, mangrove forest, crocodiles, resident and migratory birds and the 
mass nesting of Olive Ridley turtles along its beach. It is a wildelife sanctuary and recently 
declared as a Ramsar site. 


Jatadhar Muhan 


It is an enclosed bay 7 km south of Paradip. It is a linear lake about 20 km long and 0.5 to 2 km 
wide. It has a small sea connection. It is a quiet place to enjoy nature. Thousands of birds visit 
the wetland during winter months. 


River mouths 


Many past and present river mouths are areas of human interest. These are associated with 
maritime activities. Among the past river mouths mention may be made of river Chandrabhaga at 
Konark and river Prachi which provided port facilities to people of olden days. Oriyas were known 
for trading activity in Southeast Asian countries. The Debi river mouth in earlier days is believed 
to be a site of maritime activity. Mahanadi mouth is known to be a place of maritime activity. 
Ships were coming in the earlier days to Paradip. Now Paradip is a major sea port along the 
eastern coast of India and a centre of industrial activity in Orissa. 


Wheeter Island 

The coast is active and dynamic changes take place very fast. There is erosional and depositional 
activity taking place. Devastating cyclones and associated tidal bores bring changes in the 
coastal scenario. New islands like Wheeler Island has formed offshore of Dhamra mouth. This 
island is now known for the establishment of missile testing centre and is a place of strategic 
importance. 


Prachi River 

Prachi river was a major river in the past. Now it is partially defunct at its upper reaches. It 
branched off from Mahanadi at Naraj and flowed south easterly to meet the sea near Kakatpur. It 
is a river with a Hindu cultural heritage. Its entire course is rich with many temples from 6th 
century AD and associated with maritime activity. It is believed that the river provided a trade 
route for past Oriya traders. It had branches like Chandrabhaga and Patharbuha which had some 
connection with the construction of Konark temple (Kar 1989). 

The delta is full of human activity now. It was rich in human activity in historical times as 
revealed from many historical monuments. It is not unlikely that it was also active during the 
Paleolithic and Neolithic times which the archeologists would find and tell. 
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In spite of the fascinating tourist resources the Government organisation in Orissa has not done 
much to attract tourists and expose to them the beauties of Orissa. 
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CHAPTER - XIV 


BIODIVERSITY IN TIDAL SWAMPS WITH SPECIAL 
REFERENCE TO BHITARKANIKA 


S.K. PATNAIK!'!, C.S. KAR? and S.K. KAR? 
'Chicf Conservator of Forest (Wild life), ‘Research Officer (Wildlife Wing) 
Dept of Forest, Govt. of Orissa. Bhubancswar 


INTRODUCTION 


Tidal activity along Orissa coast, especially within Mahanadi-Brahmani-Baitarani compound delta 
has created exciting landforms such as tidal swamps, tidal creeks and tidal flats. Of these the 
tidal swamps have been the sites of extensive mangrove forest growth because of the special 
soil water condition. The mangrove forests and tidal waters have created habitats for numerous 
birds and animals often of unusual character. The tidal-faunal-floral association has produced 
unusual ecosystem with rich biodiversity in the region. The best sites of such ecosystems are 
developed around Bhitarkanika and Hukitola Bay region lying between Dhamra mouth and Mahanadi 
mouth (Fig.1: Satellite image). Bhitarkanika has been a wonderland in Orissa and is the craze of 
the tourists. It has been recently declared as a Ramsar site because of its rich and unique 
biodiversity. It possesses the largest assemblage of mangroves in India and the salt water 
crocodiles (Crocodylus porosus) besides a rich avian fauna. It has been declared as a National 
Park by Government of Orissa. Gahirmatha coast which forms the eastern boundary of Bhitarkanika 
is world's largest breeding ground of Olive Ridley sea turtle, "Lepydochelys olivacea". The 
mangrove ecosystem is now being threatened by many anthropogenic activities. This chapter 
deals with the biodiversity of the area specially Bhitarkanika in relation to diverse factors 
responsible for the degradation and suggests conservation measures to preserve the unique 
ecosystem. 


BHITARKANIKA 


The most important of the tidal ecosystems in Orissa is located at Bhitarkanika (Fig.2). It lies in 
Rajnagar Police Station of Kendrapara district between Dhamra and Hansua rivers. This region 
was under the control of Zamindari system of administration during the British rule and was 
known as "Kanika Zamindari". The Zamindari area has now been notified as Bhitarkanika wildlife 
sanctuary which lies between 20°04’ to 20° 08' N latitude and 86° 45-' to 87° 05' east longitude. 
Chandbali, a former major port, is one of the entry points of the sanctuary. The entire sanctuary 
is interspersed with numerous rivers, creeks and creeklets. 

The mangrove swamp of Bhitarkanika wildlife sanctuary is subject to regular tidal inundation and 
is extremely low lying, the mean elevation above mean tide level is between one to two metres. 
Higher ground extends to about 3-4 metres. The area is underlain by thick alluvial silt and clay 
brought down by rivers and deposited in tidal waters. The average annual rainfall is 1300 mm and 
the main rainy months are July to September. The area is prone to severe cyclonic storms during 
April to June and October to November. There are occasional tidal bores. The temperature varies 
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Fig. 1. Satellite Image of Bhitarkanika and Mahanadi Mouth Region. 


between 10°C minimum in winter to 45°C maximum in summer. The humidity is high throughout 
the year varying between 75 to 95%. 


FLORA 


Mangroves are extensive and are found in luxuriant state of growth (Fig. 3a, 3b, 3c, 3d). The 
mangrove vegetation, popularly known as Mangal vegetation, are characterized by species which 
have a high tolerance to saline environment. The forest is locally known as 'Luna Jungle". It is 
also often known as "Hental Bana" as Hental is the local oriya name of the plant (Phoneix 
paludosa Fig. 3d) which predominate through out the sanctuary. Mangrove forests are also known 
as Bani jungle named after Avicennia species or "Sundari jungle' after Heritiera species. or 'Bani 
Panhi’, ‘Guan Pahi', 'Keruan Pahi' etc. where the predominant species are respectively, Avicennia, 
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Fig. 2. Map of Bhitarkanika Sanctury 
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Fig. 3a. (top) : Scenc of Mangrove Forest and Tidal crecks in Bhitarkanika (Courtesy : N.K.Mahalik) 
Fig. 3b (bottom) : Breathing roots (Pneumato phores) Haritiera fomes (Courtesy : N.K. Mahalik) 


Exoecaria, Sonneratia, heritiera etc. The vegetation of Bhitarkanika can be broadly classified 
into (1) mangrove formation and (2) salt bush formation (Choudhury 1990; Dani & Kar, 1999). The 
former mostly occurs in the fringes of estuarine banks of the river Bhitarkanika, Patsala, Maipura 
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and Dhamra. This plant community enjoys varied saline gradient of soil, strong wind velocity as 
well as tidal effects. The salt bush formation is found along the littoral tract of Satabhaya area 
which is subject to strong tidal inundation. 


The mangroves display several adaptations in order to survive in the intertidal zone like breathing 


roots or pneumatophores (Fig. 3b), stilt roots (for support), salt excretory glands and viviporous 
germinations. 


The mangrove species occurring in Bhitarkanika and Hukitola area are a two storey system of 


mangrove forests, mainly top storey and middle storey while the ground flora is rather poor in 
respect of species composition. The list of mangrove vegetation is given in Table-1. 


It is interesting to note that Nypa fruticans (locally known as Golpatta in Bengali) which is gregarious 
in the Sundarbans mangrove forest of West Bengal is singularly absent in Bhitarkanika. Haines 
(1921-25) reported the occurrence of Nypa fruits in the sea coast of Orissa and presumed that 
Nypa fruticans may occur in the mangrove forest of Mahanadi delta. However, the physical 
presence of Nypa has not yet been traced out in the wild either in Bhitarkanika or in Mahanadi 
delta or in any other forest areas of Orissa (Choudhury, 1990, Kar & Satpathy, 1996). Various 
aspects relating to conservation, economic importance and rehabilitation of Nypa Palm (Nypa 
fruticans Wurmb) in Bhitarkanika and other mangrove forest areas of Orissa have been dealt by 
Kar and Satapathy (1999). At present this taxon has been introduced in Bhitarkanika. On the 
other hand, absense of Heritiera littoralis (Dhala Sundari) in the Sundarbans region, is another 


Fig. 3c. Khzophora murconata Fig. 3d. Phoncix paludosa 
(courtesy : N. K. Mahalik) 
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surprising contrast in the distribution pattern of the mangrove species between Bhitarkanika and 


Sundarbans (Banerjee, 1987). 


TABLE-1t.THE FLORAL DIVERSITY OF BHITARKANIKA AND IT'S FRINGE AREAS: 


Scientific Name 
Acanthus illicifolius 
Acanthus volubilis 
Acrostichum aureum 
Aegialitis rotundifolia 
Aegiceras corniculatum 
(Aegiceras majus) 
Amoora cucullata 
(Aglaia cucullata} 
Avicennia alba 
Avicennia marina 
Avicennia officinalis 
Brownlowia tersa 
Bruguiera cylindrica 
Bruguiera gymnorrhiza 
Bruguiera praviflora 
Bruguiera sexangula 
Caesalpinia cristata 
Caesalpinia nuga 
Cerbera odallum 
Ceriops decandra 
Ceriops tagal 
Clerodendron inerme 
Crinum asiaticum 
Crinum defixum 
Cynometra ramiflora 
Cynometra iripa 
Cyperus compactus 
Cyperus corymbosis 
Dalbergia spinosa 
Derris hetrophylla 
Derris scandens 
Dolichandrone spathacea 
Excoecaria agallocha 
Fimbristylis ferrugincea 


Common Name 
Harakancha 
Harakancha 
Kharkhari 
Banarua 

Kharsi 


Ooanra 


Dhala bani 
Singala bani 
Bada Bani 
Lati Sundari 
Bandari 
Bandari 
Kaliachua 
Bandari 
Nentei 
Nentei 

Pani amba 
Garani 
Garani 
Chaini 

Pani kenduli 
Pani kenduli 
Singada 
Singada 
Tianshi ghasa 
Keutia ghasa 
Goera kanta 
Katira nai 
Katira nai 
Gosinga 
Guan 

Luni ghasa 
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MANGROVES AND THEIR ASSOCIATES 


Habit 
Herb 
Herb 
Fern 
Tree 
Tree 


Tree 


Tree 
Tree 
Tree 
Herb 
Tree 
Tree 
Tree 
Tree 
Creeper 
Creeper 
Tree 
Tree 
Tree 
Creeper 
Herb 
Herb 
Tree 
Tree 
Grass 
Grass 
Creeper 
Creeper 
Creeper 
Tree 
Tree 
Grass 


Famit 
Acanthaceae 
Acanthaceae 
Polypodiaceae 
Plumbaginaceae 
Plumbaginaceae 


Meliaceae 


Avicenniaceae 
Avicenniaceae 
Avicenniaceae 
Tiliaceae 
Rhizophoraceae 
Rhizophoraceae 
Rhizophoraceae 
Rhizophoraceae 
Caesalpiniaceae 
Caesalpiniaceae 
Apocynaceae 
Rhizophoraceae 
Rhizophoraceae 
Verbanaceae 
Amaryllidaceae 
Amaryllidaceae 
Leguminosae 
Leguminosae 
Cyperaceae 
Cyperaceae 
Papilionaceae 
Leguminosae 
Leguminosae 
Bignoniaceae 
Euphorbiaceae 
Cyperaceae 
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Finalysonia obovata 
Flagellaria indica 
Heritiera fomes 
Heritiera kanikensis 
Heritiera littoralis 
Habiscus tiliaceus 
Intsia bijuga 

Kandelia candel 
Lumnitzera recemosa 
Lumnitzera littorea 
Merope angulata 
Myriostachya wightiana 
Nypa fruticans 
Pandanus fascicularis 
Phoenix paludosa 
Phragmites karka 
Porteresia coarctata 
Phizophora apiculata 


Rhizophora mucronata (Fig. 3c) 


Rhizophora stylosa 
Salacia chinensis 
Salicornia brachiata 
Salvadora persica 
Sapium indicum 
Sarcolobus carinatus 
Sesuvium portulacastrum 
Sonneratia apetala 
Sonneratia caseolaris 
Sonneratia griffithii 
Suaeda maritima 
Suaeda monoecia 
Suaeda nudiflora 
Tamarix ericoides 
Tamarix indica 

Tamarix troupii 
Thespesia populnea 
Xylocarpus granatum 
Xylocarpus mekongensis 
Xylocarpus moluccensis 


Lati rai Creeper 
Bahumruga Creeper 
Sundari Tree 
Kanika sundari Tree 
Dhala Sundari Tree 
Bania Herb 
Masitha Tree 
Sindhuguan Tree 
Churanda Tree 
Churanda Tree 
Bana lembu Herb 
Nalia ghasa Grass 
Nypa Tree 
Luni kia Herb 
Hentala Tree 
Nala Grass 
Dhani dhana Grass 
Rai Tree 
Fai Tree 
Rai Tree 
Batara lata Creeper 
Uamari Herb 
Miriga Herb 
Batula Shrub 
Raigidi Shrub 
— Herb 
Keruan Tree 
Orua Tree 
Orua/ Tree 
Giria saga Herb 
Giria saga Herb 
Giria saga Herb 
Jagula Herb 
Jagula Herb 
Jagula Herb 
Habali Tree 
Shishumar Tree 
Pitakorua Tree 
Pitamari Tree 


Peripocaceae 
Flagellariaceae 
Sterculiaceae 
Sterculiaceae 
Sterculiaceae 
Malvaceae 
Leguminosae 
Rhizophoraceae 
Combretaceae 
Combretaceae 
Rutaceae 
Poaceae 
Palmae 
Pandanaceae 
Palmae 
Gramineae 
Poaceae 
Rhizophoraceae 
Rhizophoraceae 
Rhizophoraceae 
Hippocrateaceae 
Chenopodiaceae 
Salvadoraceae 
Euphorbiaceae 
Asclepiadaceae 
Aizoaceae 
Sonneratiaceae 
Sonneratiaceae 
Sonneratiaceae 
Chenopodiaceae 
Chnopodiaceae 
Chenopodiaceae 
Tamaricaceae 
Tamaricaceae 
Tamaricaceae 
Malvaceae 
Meliaceae 
Meliaceae 
Meliaceae 
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FAUNA 

Mangrove plants are the source of rich food for the organisms of the mangrove eco-system. The 
animals that are associated with the mangroves, cover a wide range of invertebrate and vertebrate 
fauna (Kar, 1981; Kar, 1991; Dash and Kar, 1990; Kar etal, 1998; Kar and Satpathy, 1996). In 
Bhitarkanika the fauna is distributed throughout the sanctuary, often in distinct zones related to 
frequency of tidal flooding, soil type, salinity and the type of surrounding plant community. 


The mangrove fauna is represented by a rich variety of animals including zoo planktons and 
parasitic protozoans. 

MAMMALS 

Among the mammals, the leopard (Panthera pardus) thrived in this area but its existence is 
doubtful at present in Bhitarkanika. It is totally absent in Mahanadi delta. Other carnivores include 
Fishing Cat, Jungle Cat, Leopard Cat, Hyena etc. The herbivores are represented by Chital or 
Spotted deer (Axix axix) which is common and have responded well to the protection following 
the declaration of Bhitarkanika as a sanctuary. Sambar (Cervus unicolour) number is very small 
while dolphins are seen near the river mouths and at the confluence point of major rivers. 
BIRDS 

Kar (1991) prepared a checklist of birds in which 170 species of birds have been identified in 
Bhitarkanika. Subsequently Kar (1999) has identified and added another 45 number of birds to 
the previous checklist giving a total number of 215 birds available in Bhitarkanika. Names of 
important bird species are given in the list later. The star attraction during monsoon is the "Baga 
Gahan" (Heronry) in Bhitarkanika thronged by thousands of nesting aquatic birds (Fig.4a) It has 
been estimated that more than 80,000 birds nest together (community nesting) and the majority 
of birds (60% approx) include open-billed storks. 


Fig. 4a : Baga Gahan in Bhitarakanika 
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REPTILES 


Bhitarkanika and Mahanadi mouth estuarine forests provide ideal habitats for a variety of reptiles 
both aquatic and terrestrial. Bhitarkanika is one of the few sanctuaries in the world, where a 
number of rare and endangered reptilian species are seen thriving in good numbers, but there is 
heavy pressure on their habitats. Effective measures need be taken to see that this unique eco- 
system is preserved and protected at any cost. 


The archaic reptilian orders are represented by the Olive Ridley turtle (Lepidochelys olivacea) 
belonging to order Chelonia. During winter and early summer months the Ridley turtles come in 
thousands to lay eggs on the sandy beaches located on eastern coast of the sanctuary (Fig.4b). 
The mass nesting or arribada (a Spanish term meaning mass arrival) of Olive Ridley turtles 
have been taking place since long at Gahirmatha beach which is about 35 km long. It is the 
largest turtle rookery of its kind in the world. Mass nesting occurs usually once or twice in a 
nesting season during the period from late December to April annually. While the Ekakula nasi 
stretch (now known as Nasi) was the common nesting ground, Pentha area has re-emerged as 
another important nesting ground in 1999. 


Fig. 4b. : Olive Ridley Turtle at Nasi (Courtesy : P. R. Karat) 


Bhitarkanika holds the largest population of endangered estuarine crocodiles in India. In early 
1970's due to combination of poaching and habitat loss, the population of salt water estuarine 
crocodile (Crocodylus porosus) was reduced to only 29 adults, six sub-adults and 61 juveniles 
(Kar and Bustard, 1989; Kar, S.K.1999) as per the 1976-77 census. In 1975, the State Forest 
Department established a Saltwater Crocodile Research and Conservation Centre at Dangmal in 
the heart of the sanctuary with the purpose of quickly multiplying the population using the "grow 
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and release" technique (Kar, 1981, 1999a,b,c). To strengthen the depleted population in nature, 
over 2000 captive reared young crocodile (above 1.0m) of the Dangmal Research Centre stock 
have been released into the rivers and creeks of the sanctuary. At present, about 300 crocodiles, 
from hatchling to 25 years of age groups are being reared in captivity at the Centre which include 
a partially white (locally known as "Sankhua") crocodile. It is the only white crocodile available in 
captivity in the country. 


The largest Indian Lizard (Water Monitor: Varanus salivator), the largest non poisonous snake, 
Python (Python molurus) and the deadly poisonous snake, King Cobra (Ophiophagous hannah) 
are seen in Bhitarkanika (Kar, Kar and Patnaik, 1998). 


AMPHIBIANS 
So far, five species of amphibians have been identified in Bhitarkanika and Mahanadi delta. 


FISH 

Mangrove areas support a range of interconnected food web which directly sustain the fisheries. 
Algae and detritus sustain shrimps and prawns which provide food source for species such as 
Bhekti (Lates sp.) and Cat fishes etc. Fish and prawns spend most of their adult life at sea and 
return to the mangrove areas for spawning. Some of the commercially important fish are Ilisa 
(Hilsa illisa), Knainga (Mullet sp.) Bhekti (Lates calcarifer), Kantia (Mystus sp.), Anchovella sp. 
etc. Prawn such as tiger prawns (Penaeus monodon), Penaeus indicus, Metapenaus affinis etc. 
and crabs (Scylla serrata, Uca sps. etc.) are available. Prawns and crabs are exploited in large 
numbers by the fishermen both in the breeding and non breeding seasons. 

A list of faunal varieties in Bhitarkanika is presented below : 

(a) Mammals: Spotted deer, sambar, wild boar, jackal, leopard, fishing cat, jungle cat, leopard 
cat, striped hyena, common mongoose, smooth coated Indian otter, small Indian civet cat, 
toddy cat, house shrew, rhesus macaque, three striped palm squirrel, Indian porcupine, 
Indian field mouse, house rat, long tailed tree mouse, bandicoot rat, bats, dolphins etc. 


Birds: Little grebe, gray pelican, little cormoront, snake bird, giant heron, many varieties of 
herons and egret, black bitten, many varieties of storks, White ibis, spoon bill, lesser flamingo, 
duck, kite, eagle, vulture, jungle fowl, water hen, water cock, plover, sandpiper, gull, tern, 
dove and pigeon, parakeet, koel, crow, cuckoo, nightjar, kingfisher, bee eater, blue jay, ow!, 
woodpecker, Indian pitta, skylark, swatlow, shrike, oriole, drongo, myna, hoopoe, grey hornbill, 
barbet, bulbul, babbler, fly catcher, warber, mangrove whistler, wagtail, sunbird, sparrow 
and many others :- 


Reptiles : Turtles (Leather back sea turtle, Green sea turtle, Hawks bill sea turtle, Olive 
Ridley sea turtle (Lepidochelys olivacea) 


Crocodiles: Saltwater crocodile-Crocodylus porosus. 
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Lizards: Indian chameleon, garden lizards, skink, monitor lizard 
Snakes : Python, krait, cobra, water snake, viper. 
(d) Amphibians: Indian toad, tree frog, skipping frog, and other frogs. 
(e) Fish: Bhekti, lisa, Knainga, Kantia, Tiger prawns, Crabs etc. 
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SOCIO-ECONOMIC ASPECTS OF MANGROVE ECOSYSTEM 


The significance of mangrove forests and its role in conserving the ecology and its effect on 
SOclo-economic condition though not fully understood yet, there are many benefits which accrue 
due to the presence of mangroves in the estuaries. 


(i) Mangrove act as land builders. They stabilise newly formed mud and silt deposits in the 
river mouths. 


(i) Mangrove forest belt along the coast plays a key role in protecting the areas/human 
habitations from devastating cyclones and tidal bores, thereby saving human lives, 
properties and livestock. 


(iii) It is a source of leaf detritus which supports phytoplankton and zoo-planktons, which in 
turn provide nutrition for higher forms of life like prawns, fish, crabs, amphibians and other 
aquatic life (Crocodiles, Sea turtles etc.). 


(iv) Mangrove vegetation restricts and slows down the erosion process. The trees are well 
equipped with branched root systems as in Hental (Phoenix paludosa), Pneumatophores or 
breathing roots as in Sundari (Heritiera sp. etc.), stilt root systems as in Rhizophora sp., 
sindhuka (Kandelia candel) and grasses like Nalia (Myriostachya sp.) reduce the tidal current 
action and check stream bank erosion. 


— 
= 


Collection of minor forest produce like honey, bee wax, thatching material, (primarily from 
Phoenix paludosa and Heritiera sps.), natural fibers from plants like (Ceriops sp.), grasses 
like Flagellaria indica, Myriostachya wightiana etc. for basket and handicrafts provide 
economic benefit to the poor inhabitants living in and around the mangrove ecosystem. 


(vii) Mangroves also support: 
(a) Recreational activities (Tourism) 
(b) Scientific research / study and 
(c) Educational activities, etc. 


THREATS TO MANGROVE ECOSYSTEM 
The various threats to the mangrove ecosystem are: 

(1) Changing land use pattern due to encroachment of forest lands for agriculture, aquaculture 
(primarily prawn culture), human settlements and other developmental activities (saline 
embankments, road construction and bunding the creeks etc.) 

(2) Rapid increase of both human and cattle population exert heavy pressure on forest as well 
as wildlife resources. 

(3) Over fishing in the tidal creeks, rivers and estuaries through various means and methods. 

(4) Fast modernization of life styles of the people tend them to involve in illegal collection/sale 
of mangrove plants and wildlife. 

(5) Speedy development of communication facilities both inland and waterways systems of 
Bhitarkanika. 

(6) Construction of fishing jetties, fish landing centres, fishing harbours and ports in the area. 
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CONSERVATION MEASURES TAKEN UP FOR PRESERVATION OF BIODIVERSITY 


Several! steps have been taken up for preservation of biodiversity and restoration of lost or 
depleted habitats (Kar, 1999) which are as follows: 


(i) A forest division, first named as Chandbali Wildlife Division and subsequently named as 
Mangrove Forest Division (Wildlife), Rajnagar has been created for ensuring focussed 
attention for the preservation of the region. 


(ii) As per section 29 of the Indian Forest Act, 1927 (Act XVI of 1927) (Chapter-IV), the Forest 
lands and waste lands in the Kanika ex-zamindari area have been declared as Protected 
Forest since 1961 and similar steps have also been taken for protection of mangrove forest 
of Kujanga ex-zamindari area. 


(iii) As per Section-18 of the Wildlife (Protection) Act, 1972 and the Wildlife (Protection) (Orissa) 
Rules, 1974 the State Govemment have declared the forest lands and wastelands of Kanika 
Forest as Bhitarkanika Wildlife Sanctuary in 1975 which has been given the status of a 
National Park in 1998. A stretch of about 70 km long and 20 km wide area along the coast 
in the sea has been declared as a Marine Sanctuary in 1997. 

(iv) Some of the "Protected Forests" have been constituted as "Proposed Reserve Forest" 
under section-4 of the Indian Forest Act, 1927. A total of five forest blocks in the Mahanadi 
delta have already become Reserved Forests. 

(v) A State level "Mangrove Committee" has been set up in the State to advise on different 
aspects of protection, conservation and research on mangroves. 

(vi) To restore the degraded/lost habitats in Bhitarkanika and Mahanadi deltaic areas, planting 
of suitable mangrove species have been taken up with financial support of the Ministry of 
Environment & Forests, Government of India. 

(vii) Protection measures have been taken up in Bhitarkanika and Mahanadi detta with deployment 
of protection staff at various strategic locations/points and by utilising the available transport 
facility and also utilising the VHF network for speedy communication of information. 

(viii) Eviction of encroachments and reforestation works have been initiated in the region. 

(ix) Eco-development programmes have been initiated in the mangrove areas to involve local 
people and to reduce the mangrove forests dependencies. 

(x) Steps have been taken up to create awareness among the local people through national, 
state and grass root level conferences, seminars, workshops etc. Various interpretative 
methods including electronic medias have been taken from time to time to educate the 
people and to change their hostile attitude towards preservation of biodiversity. 

(xi) Many voluntary organisations, State Governments and Government of India have been 
involved in supporting conservation of these threatened ecosystem and its fauna. 


CONSERVATION MEASURES FELT NECESSARY 


Bhitarkanika and northeastern part of Mahanadi delta are contiguous and in reality form a single 
ecological unit for conservation of biodiversity in the coastal estuarine ecosystem of Orissa and 
is considered to be a ‘biodiversity hot spot area’ of the world. Therefore, in the past, several 
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authors (Chadha and Kar 1999; Choudhury 1990; Dani and Kar, 1999; Dash and Kar 1990; Kar 
1999 a, b, c; Kar et al. 1998) have suggested various steps for protection and conservation of 
wildlife and their habitats in this nature's wonderland. The important ones are detailed below: 

(1) Bhitarkanika was declared as the first Wildlife Sanctuary of the State in 1975 but settlement 
of rights and claims under section 19 to 23 of the Wildlife (Protection) Act, 1972 has not 
been completed so far in last 25 years. This has resulted in loss of potential wildlife habitats 
through encroachments, which is mainly due to conversion of forestlands and wetlands 
etc. to other forms of land uses such as agriculture, aquaculture, human settlements and 
other developmental projects. Therefore, settlement of rights and claims should be completed 
soon under the provisions of Wildlife (Protection) Act, 1972 (Amended in 1991) to afford 
necessary legal protection to the mangrove ecosystem and its biodiversity. 

(2) All forest lands, wetlands, wastelands, newly formed islands as well as mudflats of 
Bhitarkanika should be notified as Reserve Forests without any further delay. 

(3) Encroachments on forest lands in Bhitarkanika and mangrove deltaic areas should be 
evicted within a specified time frame and steps should be taken for preventing re- 
encroachment of the evicted areas. 


(4) Influx of the migratory human population of the surrounding areas into the deltaic areas 
should be curbed. 

(5) Use of gill nets and mosquito nets in all the rivers, creeks and creeklets should be strictly 
prohibited. 

(6) Degraded mangrove forests and clear felled areas where mangrove existed in the past 
should be restored by plantation and rigid protection. 

(7) Large scale eco-development programmes should be implemented to reduce and minimize 
pressure on mangrove forest and wildlife. 

(8) Improvement in standard of management should be ensured through sustained research, 
field level training, institutional strengthening and capacity building at all levels. 

(9) Establishment of eco-technology centres, mangrove genetic resource centres, germplasm 
conservation centres, etc. should be established in ideal locations within Dhamra-Mahanadi 
sector. 

(10) Greater public awareness should be created through the voluntary organisations and through 
print and electronic media highlighting socio-ecological and economic benefits of mangrove 
ecosystems as wel! as the need for their conservation and management. 

(11) The mangrove stretches which have been either lost or degraded due to different factors, 
but still capable of supporting these vegetation should be identified and restored through 
plantation and protection. 

(12) Environmental impact assessment should be mandatory and strictly carried out before 
taking up any significant change in land use pattern in this sector of the delta. 

(13) Cattle pressures should be kept in check through introducing high yielding varieties and 
stall feeding them. 
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(14) Alternate housing and forestry materials should be introduced and plantation of other species 
should be taken up as part of agro forestry for ensuring reduction of dependence on mangroves 
for their needs. 
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CHAPTER - XV 
OLIVE RIDLEY TURTLES IN ORISSA COAST 


P. MOHANTY-HEJMADI 
Professor (Retd.), Department of Zoology, Utkal University, Bhubaneswar 


INTRODUCTION 


Sea turtles have drawn considerable attention in recent years for their vulnerability and the fact 
that all the species in the world are endangered or threatened. 


Up to the early 1970's our knowledge on the sea turtles that visited the coasts of India, remained 
limited. However, the endangered status of the sea turtles, led to a spurt of activities leading to 
collection of considerable data on the activities of the sea turtles that visit the coasts for nesting. 
Unfortunately, the knowledge on the habits, migratory routes and activities of both the hatchlings 
and the adults after they leave the coast, is negligible. 


India as well as Pakistan have a long history of trade in turtle products. Between 1963 and 1974 
India exported 1,02,022 kg of sea turtle products valued roughly at $1,00,880. The products 
included sea turtle meat, oil and tortoise shell (Dash and Kar, 1990) 


Altogether five species representing each of the five genera are known from the Indian seas. 
These include the leatherback (Dermochelys coreacea), the green (Chelonia mydas), the hawksbill 
(Eretmochelys imbricata), the loggerhead (caretta caretta) and the Olive Ridley (Lepidochelys 
olivacea). Sea turtles have been recorded from the eastern and western coasts as well as the 
neighbouring islands in the Indian ocean. 


In the 1970's several! measures were taken to protect the sea turtles. The turning point was the 
Indian Wildlife (Protection) Act 1972 wherein all species of marine turtles were included as 
endangered species in Schedule | and thereby given full protection. International trade in turtle 
products was banned in September 1977 with an amendment to the schedules to the Indian 
Wildlife (Protection) Act (1972). 

Surveys during the following period revealed that inthe western coast, Gujarat state is an important 
area with nesting of Olive Ridleys and green turtles. In addition, hawksbill and leatherbacks were 
occasionally reported. Green turtles and Olive Ridleys were also reported form Maharastra and 
Goa. 

There are two types of ridleys, the olive or the Pacific ridley and the Kemp's or the Atlantic ridley. 
The names were given with the belief that the two types of ridleys are restricted in their distribution 
to their respective oceans. But, later it has been discovered that although Kemp's ridley is 
restricted to the Gulf of Mexico in the Atlantic side, the Pacific ridley is circumglobal in distribution 
including the Atlantic ocean. They are widespread throughout the tropical waters of the northern 
Indian ocean, the Atlantic ocean and along the eastern edge of the Pacific ocean. 


Any species is limited, in time and space, by numerous environmental factors. They can live 
only when all are within the bounds that are favourable to the species. Limiting factors may either 
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be physical or biotic, and a species may differ markedly in its tolerance to these factors at 
different stages of its life history. In highty migratory species, often the feeding and breeding 
grounds are situated at quite a distance. The breeding usually coincides with the ideal conditions 
necessary for the species. The animals take quite a painstaking and hazardous journey for the 
purpose and arrive at a predictable time of the year dictated by seasonal conditions. Prevalent 
environmental conditions along the Orissa coast have attracted sea turtles specifically, the Olive. 
Ridley, for breeding for centuries. Previously, it used to be a common sight all along Orissan 
coast but now this is restricted to a few areas. Orissa is internationally famous as a favourite 
nesting place of the Olive Ridley. The smallest of the sea turtles, the Olive Ridley derives its 
name from the olive green, heart-shaped carapace of the adutt. The plastron is yellowish. Hatchlings 
are dark gray overall, developing pale undersides as they grow older (Ripple, 1996). 


ORISSA COAST AS A HABITAT FOR OLIVE RIDLEY 


Orissa coast is continuous with Andhra Pradesh coast in south and West Bengal coast in north. 
It has a coast line of 480 km covering the districts of Ganjam, Puri, Jagatsinghpur, Kendrapara, 
Bhadrak and Balasore from south to north. The whole coast has played an important role both 
from the maritime and biological point of view. Several important rivers open into the sea along 
the Orissan coast. Tidal activity is pronounced around the river mouths and a variety of tidal! 
geomorphological features such as estuaries, tidal creeks, tidal flats and tidal swamps are common. 
The estuaries of rivers namely, Mahanadi, Devi, Jambu, Rushikulya, Dhamra and Budha Balanga 
etc. used to harbour rich mangrove elements. However, some of the rich mangrove areas have 
been cleared due to developmental activities as well as human encroachment. The flat beaches 
with several estuaries with rich mangroves are ideal sites for sea turtle nesting and therefore, 
traditionally whole Orissan coast including the deltaic areas of the major rivers, was used for 
turtle nesting in older days. Clearing of mangroves, development of beaches and other 
anthropogenic activities have restricted turtle nesting to a few areas only. 


Most major Olive Ridley rookeries in the world are found on mainland shores near the mouths of 
rivers or estuaries typically in areas of high turbidity and low salinity. They nest singly, in small 
groups and in large synchronised groups called arribada in spanish. Currently, the most important 
arribada colonies include one beach in Mexico, three-sites in India, two areas in Costa Rica and 
two beaches in Nicaragua (Ripple, 1996). 


Interestingly enough, all the three major sites in India are restricted to Orissa coast : Devi river 
estuary. Rushikulya river estuary and the largest rookery of the world at Gahirmatha coast in 
Dhamra estuary. Turtles nesting in Gahirmatha area have been recorded by Anderson as early as 
1727 (Mohanty-Hejmadi, 2000a). Obviously, the high turbidity and low salinity of these areas 
have attracted the turtles for nesting. Meticulous data has been kept by the wildlife wing of 
Government of Orissa since 1978 ( Table 1) which shows that arribadas are not regular features. 
There was no arribada in 1988, 1997 and 1998. The number of arribadas may be one, two or three 
per year (Mohanty-Hejmadi, 1992, Mohanty-Hejmadi and Sahoo, 1994). 


Increase in fishing related mortality and no arribada in two successive years (1997 & 1998) 
became a matter of great concern for the experts, environmentalists and the public. The great 
question up to early March, 1999 was whether declaration of Gahirmatha area as a marine 
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TABLE -1:YEAR-WISE FIGURE OF OLIVE RIDLEY SEATURTLES AT GAHIRMATHA 
(Wildlife Division, Government of Orissa) 


Year of nesting No. of emerging females No. Dead turtles 
{in 1,00, 000 i.e. 1 lakh) 
1978-79 2.30 
1972-80 1.30 
1980-81 2.00 
1981-82 2.00 
1982-83 0.176 
1983-84 6.193 
1984-85 4.684 
1985-86 2.918 5436 


not available 


1986-87 0.500 2404 
1987-88 6.360 3348 
1988-89 0.010 2576 
1989-90 3.150 2429 
1990-91 2.070 1210 
1991-92 6.590 1119 
1992-93 3.840 1356 
1993-94 6.874 4846 
1994-95 6.945 4377 
1995-96 3.395 1244 
1996-97 2.900 3634 
1997-98 0.001 (111) 5322 
1998-99 0.0006 (64) 3791 
1999-2000 2.627 - 


2000-2001 7.0 


sanctuary in 1997 and all the protection efforts can save the spectacular arribadas to see in the 
next millennium. However, there were arribadas in two places in the Gahiramatha sanctuary 
which had some unique features. (Mohanty-Hejmadi 2000b). True to their unpredictable nature, 
ending all speculations, the Olive Ridleys started their arribada, a ritual that started perhaps a 
few million years back as an adaptation to saturate and stun the predators both during nesting 
and hatching. Arribada started in March, 1999 in an unexpected new place called Pentha located 
at the southern end of the Gahirmatha sanctuary. The first mass nesting in Pentha lasted for two 
days and a second mass nesting occurred in Pentha from 21st April to 22nd April. A total of 35, 
437 turtles nested in Pentha. Nesting at Pentha has added a new dimension to the shrimp-turtle 
conflict as a few forest guards who tried to protect the area of nesting, were-assautted by local 
people who were wading the coast for shrimp seeds. Thus, in addition tp fishing activities, 
collections of shrimp seeds has now become a problem for nesting turtles. Naturally, this is 
being taken as an unnecessary interference in the livelihood of poor people who have discovered 
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a way for making some quick money (at the cost of natural resources of course). This was 
accompanied by another arribada from 23rd to 29th March, 1999 in northern part of Gahirmatha 
specifically in Nasi (Nasi island has been split into two, this year). A total of 2,62,735 nested 
during this period. 

Mass nesting in Pentha for the first time indicates that the turtles are capable of using different 
parts of the beach during different years, However, Nasi islands still remain the favourite sites. 
There was record arribada in year 2000. As many as seven lakhs of turtles came to Gahirmatha 
to nest over a 12-days period starting from March 13, Mohanty-Hejmadi (2000b). They laid eggs 
in three islands e.g., Nasi |, Babubati and Sandbar. As many as 6.21 lakh turtles reached Nasi 
island during this period. 


The mass nesting in two areas (Pentha, Nasi, II) within the Gahirmatha sanctuary may be due 
to the protection measures taken by Government of India; the Wildlife Wing, Government of 
Orissa; Coast Guard and Indian Navy to minimise fishing within the sanctuary. The reduction in 
fishing-related disturbance probably enabled the social facilitation of turtles leading to arribadas. 


HISTORY OF MIGRATIONTO ORISSA COAST 


In Orissa, the four seasons are well defined with winter from about mid-October to February, a 
short spring from March to mid-April and summer from mid-April to mid-June followed by the 
rainy season from mid-June to mid-October. The activities of the turtles are totally seasonal, 
restricted to the period during winter to early part of summer as the coastal conditions are 
suitable for mating followed by nesting. The turtles are seen in the vicinity of the nesting areas 
around November. They mate off the coast and have their arribada any time from January to 
April. As indicated earlier the number of arribada may vary. When they have two arribadas in a 
season, the first one is usually during January followed by the second one in March. When they 
have one arribada it can be any time during the period. After April they are not seen in large 
numbers because they migrate out to their foraging grounds. 


Tagging studies on nesting Olive Ridleys have been taken up by the Wildlife Wing of Govt. of 
Orissa since 1978 (Dash and Kar, 1990). The tag return data of renesting females confirmed 
annual nesting in Olive Ridleys. It also showed that Olive Ridleys return to Gahirmatha coast 
during successive years for nesting. Retuming to nest inthe same area where they have hatched, 
is a common feature for sea turtles. 


Northward mass migration of Olive Ridleys from Sri Lanka has also been observed by several 
workers (Dash and Kar, 1990). Mass movements have been cited by coast guards towards 
Orissan coast in the vicinity of Tamilnadu and Andhra Pradesh. Tagged turtles from Orissan 
coast have also been recovered off the coast of Andhra Pradesh (Kar, 1992) and Sri Lanka (Kar, 
1992; Pandav and Choudhury, 1998). It is to be noted that although occasionally a few turtles 
have been cited migrating towards Orissa, large scale mass migration of the breeding population 
has not been observed. Therefore, it is reasonable to conclude that turtles from other parts of the 
Indian ocean migrate to the nesting areas following some common cues. Although, sufficient 
data is not available on post-season migration, it is known from satellite tagging studies on Olive 
Ridley population from Costa Rica that they do not have any organised migration from breeding 
areas to feeding areas after breeding (Plotkin et al. 1997). Further, Plotkin and her group (Plotkin 
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et al., 1997) have shown that females did not remain spatially associated during their post- 
nesting migrations to feeding areas. Their results show that Olive Ridleys exhibit responses to 
common stimuli in a similar manner. In other words, rather than group migration, females reassociate 
to lay clutch of eggs in the beach. Plotkin et al., (1996) have also shown that adult male olive 
ridleys depart breeding grounds at mid-season because most of the females already have been 
mated. The migration is individualistic in random directions. It is felt that group migration to or away 
from nesting areas is not seen for turtles nesting in Orissan coast because of similar reasons. 


PROBLEMS FACED ALONG ORISSA COAST 


At the moment the threats to sea turtles in India including Orissa, include fishing by trawlers and 
gill netters in coastal waters, lighting from industries, ports and coastal development activities, 
beach erosion, damage by predators and disturbances by loca! people. The problems can be 
summed up as follows : | 


e Non-implementation of Orissa Marine Fisheries Regulation Act (OMFRA) resulting in 
mechanised fishing in shallow waters 


Difficulty in implementation of Turtle Excluder Device (TED) regulation 

Problems with gill netting 

Concentration of attention on population and neglect of other areas of importance 
Fast change in the habitat (nesting beaches) 

Lighting in ports, jetties etc. 

Coastal developmental activities 

e¢ Damage by predators and disturbance by local people 


STRATEGY FOR PROTECTION 


Immediate problem in Orissa is the lack of implementation of Orissa Marine Fisheries Regulation 
Act (OMFRA) which prohibits mechanised fishing upto 5 kilometers from the high tide line. It is 
necessary that the Fisheries Department should actively implement their own regulations which 
are meant to guard the interest of the traditional fishermen and in the process passively contribute 
to the protection of turtles as turtles and traditional fisheries are highly compatible. There has to 
be strict regulation for banning gill nets around Orissan coast during the turtle season from 
October to end of April. Installation of Turtle Excluder Device (TED) in trawlers which allows the 
turtles to escape, in all turtle -sensitive maritime states, is necessary to reduce the trawler 
related deaths. Efforts should continue to protect the marine sanctuary of Gahirmatha and coasts 
off Devi and Rushikulya mouths from mechanised fishing. Wading in these areas for collection of 
shrimp seeds should not be allowed. Strict regulation for switching off lights at night at ports and 
jetties near turtle nesting areas during turtle season should be implemented. Steps should be 
taken to protect the turtles and their nests from predation. Close monitoring of the coastal 
topography is necessary. Artificial hatcheries should be set up to transplant nests from erosion- 
prone areas to improve the hatching success of the population. Rules of the CRZ (Coastal 
Regulation Zone) be strictly adhered to prevent development and encroachment in turtle sensitive 
areas. Last but not the least is that it is necessary to conduct awareness programs and involve 
the local people in the conservation efforts to make it a success. 
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CHAPTER - XVI 


CHILIKA LAGOON - ENVIRONMENTAL PROBLEMS 
AND MANAGEMENT STRATEGY 


| A. K. PATNAIK 
Chief Executive, Chilika Development Authority, Bhubaneswar, Orissa 


INTODUCTION 


Chilika lake, a tourist paradise, is located on the east coast of India at the south western end of 
Mahanadi delta. Fig.1 shows the locational aspect of the lake, while Fig.2 is a satellite image 
showing the surrounding morphology anu land use. The satellite image also shows the earlier 
spread of the lake to north east from which it has shrunk to its present position. It is believed to 
be the largest coastal lagoon in Asia. It is pear shaped; along NE-SW, it is 64 km long and has a 
variable width, from a maximum of 20 km on its northern edge to a few kilometers across its 
southern edge. The lake is connected to the Bay of Bengal through a tidal inlet about 35km long 
but very narrow. The mouth of the inlet is at present located near village Arakhkuda. The inlet 
channel is parallel to the sea, but is separated from the latter by a sand spit. High tides near the 
inlet mouth drive in salt water into the lake system. However during rainy season, fresh water 
discharged into the lake by the rivers push the sea water out. The water spread area of the lagoon 
varies between 1165 to 906 sq.km. during the monsoon and the summer respectively. Even 
though the water spread varies between 1165 to 906 sq.km., the zone of influence of the lake 
extends to a larger area, about 2350 sq.km. surrounding the lake. The lake is dotted with numerous 
islands such as Kalijai, Somota, Nalaban, Breakfast, Birds island and many others. The lake is 
very shallow with an average depth of 1.5 m in its northern side and about 2.5 - 3m on its 
southem side. 


It is fringed by Easternghat hill ranges on its west and south (e.g. Bhaleri, Solari, Mamu Bhanaja 
and Ghantasila) and a fascinating 8 km wide belt of sand dunes, beach ridges and sea beach to 
its east. Daya and Bhargabi are two important distributaries of Mahanadi Dettaic system which 
debouch into the lake at its northern edge besides many other smaller hill streams originating 
from the western high lands. The river discharges affect the salinity distribution in the lake and 
bring in a lot of sediments into it. 


HYDROGRAPHIC ZONATIONS 
The lake presents a variable and dynamic hydrographic character in different parts of its water 
spread; its salinity, drainage character, turbidity, water depth and weed growth vary from region to 
region. Different workers have given different hydrographic zonation to the lake. Annandale and 
Kemp (1915) in the first ever report on the lake, have roughly indicated three hydrographic regions 
in the lake as follows : 

1. Broad northern region with fresh water 

2. Narrow southern region with brackish water 

3. Outer channel! with tidal activity presenting an estuarine system. 
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Fig. |. MAP OF CHILIKA LAKE 


According to a later unpublished report by R.Sudarshan (IIRS) and K.V. RamaRao (ZS!) a modern 
zonation of Chilika lake could be as follows (Fig. 1) : 
Region 1. Northwestern region characterised by extensive weed development. 
Region 2. Northeastern region characterised by turbid moving water. 
Region 3. Southwestern region with deep stagnant brackish water. 
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They have stressed on the role of two important weeds, Potamogeton pectinatus and Scirpus 
articulatus which have extensively colonised the lake bed which if unchecked would transform 
the lake ‘into a swamp. At present one fifth area of the lake is being colonised by these weeds. 


Based on various parameters e.g. salinity, turbidity, mobility, depth of water etc the lake can be 


conveniently divided into four hydrographic regions e.g., Northern zone, Central zone, Southern 
zone and Outer channel zone 


It is believed that the Chilika lake was a part of the sea during the Upper Pleistocene period when 
the shore line was much inland of the present coast. It is only during the late Holocene (5000 yrs 
BP) when Chilika lake took its shape as a cutoff body due to formation of spits and barrier bars 
which separated it from the main sea. C-14 dating of the organic shells retrieved from within the 
spits and beach ridges reveals the possible age of Chilika lake to be around 4000 yrs. BP 
(Venkataratnam 1970, Nageswar Rao et al 1995). From the satellite image (Fig.2) one can fesl 
that the lake is shrinking with time from north to south. It could be a continuous body in the past 
with Samang and Sar lakes which are now extinct. 


BIODIVERSITY 


Chilika lake is the largest wintering ground for migratory water fowl! found any where on the Inclizr; 
subcontinent and one of the hot spot of biodiversity in the country. Some rare vulnerable anc 
endangered species listed in the IUCN red list of threatened animals inhabit the lake area for al 
least part of their life cycle. The total number of fish species is reported to be 225. Along with a 
variety of phytoplankton algae and aquatic plants the lake region supports over 350 species of 
nonaquatic plants. A survey of the Chilika lake carried out by the Zoological Suirvey of India in 
1985-87 recorded over, 800 species of animals in and around the lagoon. This list includes a 
number of rare, threatened and endangered species including the Barakudia limbless skink. On 
account of its rich biodiversity, Chilika lake has been designated as a Ramsar site, i.e., a 
wetland of international importance. The Nalabana island within the lake is notified as a bird 
sanctuary under Wildlife Protection Act. The lagoon is also identified as a priority site for 
conservation and management by the National Wetlands and Coral Reefs Committee of Ministry 
of Environment & Forest, Govt. of India. The lagoon is a highly productive ecosystem with rich 
fishery resources. The rich fishing ground sustain the livelihood of more than 1,00,000 fisher folk, 
who live in and around the lake. 


Chilika supports some of the largest congregation of aquatic birds in the country, particularly 
during the winter. Flocks of migratory waterfowl arrive from as far as Caspian Sea, Lake Baikal, 
Aral Sea, remote parts of Russia, Kirghiz steppes of Mongolia, Central and South East Asia, 
Ladakh and the Himalayas to feed and breed in its fertile waters. In 1989-90 an estimated two 
million birds visited the lake. Fig.3 shows a scene of birds in Nalabana Island. 


THREATS TO THE ECOSYSTEM OF THE LAGOON 


The lagoon is at present facing the following ecological and anthropogenic problems like - siltation, 
shrinkage of area, choking of the inlet as well as the outer channel connecting the sea, decrease 
in salinity, weed infestation, decrease in fish productivity, conflict amongst the stake holders for 
Use of the resources, over use of the lagoon ecosystem beyond the carrying capacity etc. 
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Fig. 2. (top) : FCC of Chilika Lake Area (Courtesy : D. Kar) 
Fig. 3. (bottom) : Migratory Birds in Chilika lake) 
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Siltation 


The lake ecosystem is getting degraded because of sedimentation problem which is caused at 
two fronts. The numerous rivers and rivulets falling into the lake from north and west pump huge 
quantities of sediments into the lake and the littoral drift along the shore dump sediments in to 
the mouth region and outer channel of the lake. Both play havoc to the ecosystem. 


The sediments from the rivers create siltation and raise bed of the lake. it helps in the growth of 
weeds. This has a shallowing effect on the lake. Mudflats are created on the periphery which are 
illegally occupied for cultivation. This reduces the area of the lake. Sedimentation from littoral 
drift along the mouth and outer channel has a choking effect which adversely affect free movement 
of marine fauna, salinity condition of lake water and discharge of lake water into the sea. The 
cross section of the outer channel is significantly reduced due to shoal formation and hence poor 
flushing action. Poor flushing of lake water sometimes create water logging and inundation in 
Nalaban island during winter causing difficulty to avain ecosystem. 


Shrinkage of Water-Spread :- The water-spread area as calculated from Survey of India Toposheet 
(1972-73) was 824 sq.kms - (Summer). The Land sat-5, data of dt.25.5.1986 indicates the water- 
spread area to be 790 sq.km. The shrinkage of water-spread from 1973 to 1986 is from 824 to 790 
sq.km. The Orissa Remote Sensing Agency is carrying out a detailed land-use/land cover and 
geomorphologic mapping of Chilika lagoon catchment by use of IRS-IC, ID Satellite data, sponsored 
by Chilika Development Authority. 


Weed Infestation :— Analysis of satellite data reveal that during the years 1973, 1977, 1985 and 
1993 the weed covered area in the lagoon was 20, 60, 200 and 398 sq.kms respectively. The 
weeds are emergent, floating and submerged types. The important species of weeds are : 
Potamogeton pactinatus and Scirpus articulatus. The large scale spread of the weed is restricting 
the feeding as well as the breeding ground of the many economic species of the fishes. It is also 
creating navigational! problems and restricting the free flow of the sediments. 


Decrease in Fish Landing :— The species composition of fish in Chilika lagoon is complex in 
the sense that it includes fresh water, brackish, catadromous and anadromous fish species, this 
is because of the salinity gradient of the iagoon. A large percentage of the commercial fish 
species are migratory (either catadromous or anadromous). Jhingran (1963) estimated that 63- 
75% of the annual fish production was contributed by migratory species. The siltation leading to 
the choking of the outer channel is leading to the decrease in salinity and obstruction of the 
migratory route of the fish. This is the main reason of decrease of fishery resource. The total fish 
landing on an average was 6,000 mt during 1980's where as the fish landing during 1997-98 was 
1641.5 mt (Source - Fishery and Animal Resource Development Dept.) 

The decline can be attributed to compostte factors like over fishing beyond carrying capacity and 
obstruction of migratory route of economic species due to choking of mouth and outer channel. 
Shrimp pond aquacutture is gradually increasing along the periphery and outer channel of Chilika, 
though no intensive shrimp farming operations are prevalent. The shallow bathymetry makes 
virtually the entire lagoon capable of supporting aquaculture excepting sourthern zone. The 
shallow areas of lagoon provide feeding and spawning ground for a number of the fish species. 
State Government by virtue of a notification have stopped issuing any license for culture fishery. 
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The unauthorized encroachments inside the lagoon for shrimp culture is also demolished. 


Certain steps like ban/restriction on fishing in certain vulnerable areas like the outer channel, 
Palur canal and some areas within the lake known to be spawning ground need to be regulated. 
A systematic fish stock assessment, determination of the migratory route to know the recruitment 
of fish and prawn juvenile in to the lagoon is essential. There is a proposal to support State 
Fishery Department for the above measures by Chilika Development Authority. 


MEASURES FOR ECO-RESTORATION AND PRESERVATION OF CHILIKA 


Some of the measures taken by Chilika Development Authority to improve the ecosystem of 
Chilika are : 


Control of silt load by treatment of the catchment of the lagoon 


The westem catchment of the Chilika lagoon is 3,21,189 Ha out of which 44,439 Ha is in Ganjam 
district and 2,76,752 Ha is in Khurda distrcit. Siltation is attributed as one of the principal factor 
endangering ecosystem of the lagoon. There are 52 No. of rivers and rivulets which drain into 
Chilika. As per a rough estimation about 0.365 million tons of sediments is pumped into the 
lagoon through these rivers and rivulets. Erosion due to water and wind appears to be very much 
prevalent in the catchment of the lagoon. Some of the important criteria that attribute to the 
progress of accelerated erosion are over-grazing, illicit felling of the tree species from the 
catchment, cultivation along the slope, clearance of vegetation over large areas for rehabilitation 
and agriculture purpose. For systematic and scientific treatment of the catchment of the lagoon 
a catchment treatment plan is prepared by the Chilika Development Authority (CDA) by 
commissioning the services of Orissa Remote Sensing Application Centre (ORSAC). Detailed 
catchment management plan is prepared by ORSAC prioritizing the areas to be treated first. 
Based on that, the catchment treatment is being carried out. Once the Naraj barrage is 
commissioned the flow of the sediment as well as the fresh water in to the lagoon will be regulated 
to a great extent. 


Desiltation of the outer channel! 


As per the mode! studies by the CWPRS (Central Water Power Research Station), Pune, siltation 
is attributed as the principal factor for the degradation of the lagoon. This leads to choking of the 
outer channel as well as its mouth affecting the exchange of water between the sea and the lake 
as a result of which the salinity level of the lake is decreasing alarmingly. The biodiversity of the 
‘lagoon is affected due to fall in salinity. To address this problem the Chilika Development Authority 
commissioned the services of premier institutes of the country like National Institute of 
Oceanography (NIO), Goa to do a detailed study of the wave climate of Chilika lake mouth, 
littoral drift along the coast, sedimentation and the bathymetry of the outer channel of the lagoon, 
as well as environmental monitoring of the mouth of the lagoon. The services of Central Water 
and Power Research Station (CWPRS), Pune was commissioned for hydrological and 2- 
Dimensional mathematical model studies of the lagoon. Based on the findings of these studies 
the dredging strategy was formulated by the CWPRS, Pune. From the findings of the model 
studies, they concluded that the tidal influx into the lagoon is considerably reduced because of 
the shoal formation along the outer channel. 
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The siltation in the inet channel and the reduction of the cross section of the mouth is drastically 
effecting the tida! prism, which results in fall in salinity of the lagoon. They further observed that 
the link between the lake and the outer channel near Magarmukh is completely choked which is 
considered as the gateway between the lake and the sea. CWPRS, Pune recommended that this 
critical point should be tackled first and as per their recommendation the Ocean Engineering 
Centre, IIT(M), Chennai suggested the design of a site specific dredger to do the dredging of 
Chilika lagoon. A lead channel! of 200meter length, 200 m width and 2.5m depth below the lowest 
lake water level is dredged near Magarmukh, to establish the link between the lake and the sea. 
Considering the sensitivity of the lagoon the services of the National Institute of Oceanography, 
Goa, is commissioned to do the Environmental Impact Analysis during the desiltation of the 
lagoon. 


Chilika will have another outlet to sea near Shipkud village to facilitate the exchange of sea and 
lake water. The new outlet will provide quick discharge of storm water from the lake into the sea. 
At present the Chilika water has to travel 35 km to join the sea. The new confluence will reduce 
the distance to 7 km and it is hoped that it would give a new lease of life to the flora and faunna 
of the lake. 


RESTORATION OF ECOSYSTEM OF NALABANA ISLAND FOR MIGRATORY BIRDS 


Chilika lagoon is a precious avain grandeur and one of the most important wintering ground for 
the millions of resident as well as migratory birds. This unique avain pardise attracts 165 species/ 
subspecies of birds belonging to 28 families, out of which 58 are residents and 107 are migratory. 
It is one of the six wetlands of international importance designated by India under Ramsar 
Convention as this is the wintering ground of migratory species of Arctic and Central Asian water 
fowls. 


The avifauna of Chilika is diverse, dominated by 22 species of ducks and geese, 52 species of 
plovers and sand pipers belonging to 8 families, 14 species of gulls and terns, 13 species of 
eagles and 11 species of herons and egrets. 

At present the Nalabana Sanctuary is managed by the Wildlife Wing of Forest Department, with 
an objective to improve its habitat, protection to the avifauna and other allied management 
practices. For protection to the migratory birds, Chilika Sanctuary was notified during the year 
1987 with an area of 15.53 sq.km. Since the sanctuary is a wintering ground for more than 1 
million migratory birds, funds from Special Problem Grant is provided to the Wildlife Division to 
augment the habitat management of the sanctuary. The following activities are being carried out 
for restoration of the habitat of the Nalabana ecosystem. 

i) Plantation of reeds (Nala) phragmites karka : The nala grass is considered to be the most 
vital component for the habitat of Nalabana. It was destroyed to a great extent due to 
grazing by buffaloes from the adjoining villages. Steps are taken to plant nala by the Wildlife 
Wing of Forest Department. 

ii) Earthen mound : Nalabana is sub-merged during the monsoon due to rise of the water 
level, so to create the avenue for the perching birds earthen mounds are developed. 

iil) Renovation of creeks: For monitoring of the birds during the migratory season, and for the 
mobility of the monitoring boats, creeks are created to connect the watch towers. 
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iv) Protection of the sanctuary from poaching : A task force is created for protection of the 
lagoon ecosystem. Protection of the migratory birds from poaching is one of their mandate. 
Special patrolling squads are also formed by the Wildlife Wing to protect the birds from 
poaching. 

WEED MANAGEMENT 

Due to siltation, and decrease in salinity, the lake is infested with weed. Analysis of satellite data 
reveals that during the year 1973, 1977, 1985 & 1993 the weed covered area in the lagoon were 
20, 60, 200 & 368 sq.km. respectively. Due to the spread of the weed, the weed free area of the 
lake available for fishing is considerably decreasing. The weed infested areas are identified and 
the Orissa Renewable Energy Development Agency (OREDA), Bhubaneswar has developed a 
model for generation of gas using the Chilika weed. 75 no. of bio gas plants are installed in two 
fisherman villages on a pilot basis. This will solve the following problems : (i) Reduction of the 
weed from the lake, (ii) Prevention of illicit felling of trees in the catchment area, thereby protection 
of the catchment and (iii) Generation of the decomposed manure for agriculture. 


IMPROVEMENT OF ROAD NETWORK 

There are 173 number of peripheral villages situated in and around Chilika lake. A number of 
thickly populated villages do not have proper road network. Due to lack of road communication 
the economy of these villages is suffering to a great extent. The villagers find it difficult to market 
the fish and fish products and are forced to make distress sale due to lack of communication 
infrastructure. A ferry service between the Krushnaprasad CD Block and Satapada is being 
developed with a roll-on and roll-off facility for the vehicles. More than 70,000 people of 
Krushnaprasad CD Block will be benefited by this. 


ENVIRONMENTAL EDUCATION AND AWARENESS PROGRAMME 

An interpretation centre is developed at Satapada with an aquarium, museum, auditorium with 
multimedia presentation facility and a training hall. This will cater to the need of the tourists 
visiting Chilika through Satapada. 

To promote eco-tourism steps will be taken to train the local boatmen and local youths of the 
Satapada and Barkul villages. Various days like Biodiversity Conservation day, World Wetland 
day, World Environment day, Wildlife week are observed in the peripheral villages. Environmental! 
awareness as well as environmental! education in the peripheral villages is now under progress 
involving local NGOs. 


RESEARCH CENTRE ON WETLAND MANAGEMENT AT BALUGAON 

A wetland research centre is being developed at Barkul with an objective to provide the 
infrastructure for the in-situ research facility on Chilika. Wetlands International South Asia (WISA) 
is at present developing the concept design for the same. 

A long term mutti-disciplinary investigation of entire ecosystem of the lagoon is necessary to 
determine the intricate and fragile Chilika eco-system. The range of the seasonal and annual 
variability in population of organisms, and other key parameters of the lagoon eco-system have 
to be determined. The long term objective is to formulate a Management Development Plan for 
resource management with effective evaluation mechanism to determine the management 
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effectiveness in conserving the ecosystem with all its diversity. Chilika Develo 
collaboration with various institutions is at present moving towards this goal. 


REFERENCES 

ab ie of the Lake, Mem. Ind. Mus. Vol. 5 No.1, pp. 1-20. 

Das, N.K. and Samal, R.C. nvironmental survey of Chilika. Chilika the prid 
Heritage, Orissa Env. Soc. pp. 96-103.. pride of ur Welland 

Dev, U.N. (1989) Data book of birds of Chitika. Asso,. Project Bihang, Bhubaneswar, pp.1-64. 

Jhingran, V.G. (1963) Report on the fisheries of the Chilika lake (1957-1960). Bull. Central Inland Fish 
Res.Inst. pp.1-113. I 

Nageswara Rao, K., Srinivas Rao, K. & Gurredy, M. (1995) Geomorphic evolution and changing 
environment of the Chilika lake. The Eastern Geographer, Vol. 5 & 6, pp 1-9. 

ORSAC, (1988) Interim report on study of Chilika lagoon. Resources and Environment, ORSAC 
Bhubaneswar, pp 1-95. 

ORSAC(1998) Report on environmental! monitoring of Chilika lagoon (1995-1996). ORSAC, 
Bhubaneswar, pp. 1-10. 

Panigrahi, G. (1988) Vegetation and flora of the Chilika lagoon. "Chilika. The pride of our Wetland 
Heritage“, Orissa Env. Soc. pp. 63-80. 

Patnaik, S. (1973) A Study of the aquatic plants of Chilka lake. Proc.Nat.Acad.Sci. India, Vol. 43(B) No.l 
& II pp 53-65. 

Patnaik, S. (1979) Distribution and seasonal abundance of some alga! forms in Chilika lake. 
Jour.Inl.Fish.Soc.India, Vol. 10 pp 56-67. 

Patnaik, S. and Sarkar, S.K. (1976) Observation on the distribution of phytoplankton in Chilika lake. 
Jour.In!.Fish.Soc.India, Vol. 8, pp.38-48. 

Rao, D.P., Subramaniam, S.K. and Sudarshana R. (1986) Geomorphic analysis of Chilika lake and 
adjoing area using remotely sensed data. State of the Art Report, Zool. Soc. Ind. (Unpubl.) 

Ramanadham, R., Reddy, M.P.M. and Murthy, A.V.S. (1964) Limnology of the Chilika lake, Jour. Mar Biol 
Assn. Ind, Vol. 6, No.2, pp 183-201. 

Subba Rao, M.V., Rao, B.M.G., Rao, B.R. and Nanda,N.K. (1981) Hydrobiological studies of the brackish 
water Chilika lagoon, Orissa. Jour.Env.Biol. Vol.2(1), pp.59-62. 

Venkatarathnam, K.(1970). Formation of the barrier spit and other, sand ridges near Chilika lake on the 
east coast of India. Marine Geol. Vol. 9, pp.101-116. 

ZSI, (1995) Fauna of Chilika Lake. Watland Ecosystem Series 1. Zoological Survey of India. 


pment Authority in 


+ 


169 


Digitized by srujanika@gmail.com 


Prof. N. K. Mahalik, born on the 5th Sept. 1935, 
did his Post Graduate in Geology in the first batch 
from Utkal University in 1958 and obtained first 
class with first rank for which he was awarded 
the University Gold Medal. Later he got a Ph.D. 
degree from Sambalpur University in 1971 for 
his excellent work on Gangapur Group of rocks 
in north Orissa. He had a long early career as a 
lecturer in Engineering Colleges of Orissa 
teaching geology to Civil and Metallurgical 
Engineers. In 1972, Dr. Mahalik shifted to Utkal University whore he continuotisly 
worked till his retirement, first as Reader and later as Professor. He was alss 
the Head of the Dept. Because of his long association with enginesrs, 


Dr. Mahalik had a desire to get a geotechnical engineering degree for which ho 
joined the famous Asian Institute of Technology (AIT) at Bangkck and obtained 
a Master Degree in Engineering Geology in 1978. In this connection ha had 
the opportunity of working on site investigation for high rise buildings and 
slope stability studies in Hongkong. Dr. N. K. Mahalik is known as an aminent 
teacher and interested research Worker. He has guided severa! M.Phil and 
Ph.D. students at Utkal and published many scientific papers. He has co-edited 
the first ever comprehensive book on “Geology and Mineral Resources of 
Orissa.” He has significantly contributed to the understanding of north Orissa 
Geology and Mahanadi Delta. After retirement from Utkal University service, 
Dr. Mahalik was awarded on “Emeritus Fellowship" by the University Grants 
Commission (UGC) to work on Mahanadi Delta, the result of which is this 
edited volume. He has active participation for twenty continuous years in the 
development of the Society of Geoscientists and Allied Technologists (SGAT) 
in Orissa, He is currently the Editor of the Society Journal "SGAT bulletin". 
Dr. Mahalik has moved around many parts of the world e.g:, Thailand, Hongkong, 
Singapore, Malayasia, USA and former USSR for academic activities. His 
memorable event is a trip to Caucasus mountains in 1990 with a group of 
Russian Geologists to study the geomorphology of the snowclad Caucasus 
mountain area. Dr. Mahalik is Life member in many technical and scientific 
societies e.g., Geological Society of India, Institution of Engineers (India), Society 


of Geoscientists and Allied Technologists, etc. 


Digitized by srujanika@gmail.com 


ISBN : 81-7525-169-7. | I : oT Pe 


>; Digitized by srujanika@gmail.com C4 | 


